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Keep At It Excellent Discussion 
Everlastingly At Midwinter Convention 


For several years the officers of the four Founder 
Societies have been endeavoring to bring to the atten- 
tion of the public the usefulness of the combined train- 
ing and experience of the engineering profession. 

In the latter part of 1924 a statement of policy of 
procedure for local joint activity was agreed upon by 
the governing bodies of the four Founder Societies, copy 
of which may be obtained upon request to the head- 
quarters offices of the respective societies in the Engi- 
neering Building in New York. 

In several cities engineers have acted jointly in the 
forming of an intelligent and constructive opinion on 
important local matters where an engineering opinion 
was valuable. 

The engineer, usually engrossed in the activity of his 
own individual field of work, does not as a rule give 
much heed to local civic affairs, either city or state, 
with the result that the public in general has never 
realized the help to be obtained from this technically 
trained, varied experienced group of citizens, the 
engineers. 

Further, the engineers have placed themselves in a 
position of apparently lacking interest in matters out- 
side their technical field, much to their own discredit, 
and quite in contrast to the activity of other professional 
groups. 

Progress is at last being made by the engineers 
through joint activity; but it is not sufficient as the 
civic duty of the engineer merely to take up problems 
as they may be thrust upon him for consideration, often 
too late tobe given the careful deliberation they deserve. 


One organization, representing the local sections of 
all national societies, other associations, and engineer- 
ing clubs, should constantly have before it some local 
civic matter of mutual interest to engineers and the 
general public, to be oriented from time to time in 
joint meeting, often with the public sitting in, that the 
profession may perform its rightful duty and the people 
brought to a realization of the possibility of helpfulness 
from the combined thought of this highly trained 
group of men. 

A specific problem solved and then forgotten is not 
sufficient, because a continuous effort in this sort of 
activity is essential to place the engineer, individually 
and collectively, in a position best to render the service 
he owes to his locality, his state, and ultimately the 


nation. 
FARLEY OSGOOD 
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A very noteworthy feature of the recent Midwinter 
Convention was the excellence of the discussion of the 
technical papers. A majority of this discussion had 
been carefully prepared beforehand and this resulted in 
logical and valuable presentation of the important 
points. Such careful preparation insures that discon- 
nected and unimportant discussion will be omitted. 

It is well however to call attention to one fact in 
connection with written discussion. This is that the 
discussion holds interest better if it is spoken from 
memory as far as possible and reference is made to the 
written manuscript only at intervals. A discussion 
read word-for-word without expression will not hold 
the attention of an audience. Furthermore, in the 
case of very long written discussion it is well to present 
to the audience, when possible, only an abstract of the 
information, reserving the complete discussion for 
publication. 


Earlier Publication of Discussion 
is Being Attempted 

An effort is being made to publish the discussions on 
paperssooner after a convention than they have been pub- 
lished heretofore. Schedules for each convention willbe 
made allotting a certain length of time for each step 
preceding the publication. The time allowed by these 
schedules for handling in headquarters will be cut to a 
minimum and discussors and authors are requested to 
help in carrying out the plan. 

Cooperation of discussors and authors is absolutely 

necessary to shortening delay. This can be well under- 
stood if the method of handling discussions is known. 
After receipt from the reporter the typewritten copy of 
the discussion is sent to the different discussors for 
correction and condensation. When the corrected 
discussion is returned it is assembled under the re- 
spective papers. It is then usually necessary to have 
the discussion set in type. Printers proof of the dis- 
cussion on his paper is then sent to each author to 
allow him to furnish a closing discussion. The entire 
discussion is then ready for publication. 
These steps of course take considerable time. One 
discussor’s delay in returning his corrections will re- 
tard publication of the entire discussion on a paper. 
For this reason cooperation of all is a necessity. 

With the proposed schedules and the cooperation of 
all discussors it is possible that discussion will be 
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published in some cases in the third issue of the JOURNAL 
after the Convention closes. The fourth issue should 
hold most of the remainder. 


Some Leaders of 


the A. I. E. E. 


Carl Hering, the thirteenth president of the Institute, 
was born in Philadelphia, on March 29, 1860. He 
graduated from the University of Pennsylvania with 
the degree of B.S., in 1880, later (1883-84) taking a 
special course in Electricity at Darmstadt, Germany. 
From the University of Pennsylvania he received the 
post graduate M. E. degree in 1887, and the honorary 
degree of D. Sc., in 1912. 

For several years Mr. Hering served as instructor at 
the University of Pennsylvania and as the first assistant 
to Prof. Kitler at the Polytechnicum, Darmstadt. In 
1884-85 he served as chief engineer for Henry Moehring 
& Co., Frankfort-on-Main, later returning to Philadel- 
phia, Penna., where he engaged in the practise of 
consulting engineering, which work he has continued 
up to the present time. In this work he has specialized 
in the engineering of electric furnaces, underground 
electrolysis, and electrochemical processes, and also 
carried on much original research work in connection 
with electrophysics. 

His work in electric furnaces began in the year 1900, 
with tests for the reduction of arsenic ores. In 1909 
he applied some of his discoveries to the design of elec- 
tric furnace which are now widely used. He is the 
discoverer of certain laws of physics, the “‘pinch 
effect” a new thermal law and others. 

In the year 1884, at the Electrical Exposition in 
Philadelphia, of which he was the assistant electrical 
engineer, he started the first comparative life tests of 
incandescent lamps. His technical writings, which 
have been voluminous, aimed at bridging the gap be- 
tween pure and applied science. 

Dr. Hering was a delegate of the United States 
Government, the American Institute of Electrical 
Engineers, and the Franklin Institute to various Ex- 
positions and International Congresses, including the 
electrical exhibition in Vienna, in 1883, the Paris 
Expositions in 1889 and 1900, the International Elec- 
trical Congress at Paris in 1900, and was a juror of 
awards at nine other Expositions. 

In the year 1889 Dr. Hering was decorated by the 
Government of France with the order of: Officer de 
l’Instruction Publique, and in 1901 with the Legion 
d’Honneur. 

Dr. Hering served as President of the A. I.E. E. 
throughout the term 1900-1901. He was a founder and 
President of the American Electrochemical Society, 
1906-1907; President of the Engineers Club of Phila- 
delphia, 1904, and of the Physics Club, Philadelphia, 
1918. 

Dr. Hering is an honorary member of several impor- 
tant technical and scientific societies. 
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U. S. National Committee of the Inter- 
national Electrotechnical Commission 


A meeting of the U. S. National Committee of the 
I. E. C. was held at Institute Headquarters in New . 
York City on Wednesday, March 25, 1925. The meet- 
ing was an important one inasmuch as it was practically 
the final meeting that it will be possible to hold prior to 
the departure of the delegates for the Conference to be 
held at The Hague, Holland, from April 16-23, 1925. 

The Guidance of Work Committee, under Mr. L. T. 
Robinson, presented a very comprehensive analysis of the 
various subjects that have been considered by the 
U. 8. National Committee, with particular reference to 
the ones that are scheduled for attention at the coming 
Conference at The Hague. 

Where the status of the particular subject permitted, 
specific instructions were given to the delegates for 
their guidance in presenting the point of view or 
proposals of the United States. 

Where the subject was still in a formative or possibly 
debatable condition with no definite opinion on this 
side, the delegates were provided with data which 
would represent the best thought in the United States 
which could be considered of information and guidance 
to the other National Committees in considering the 
same subject. 

The delegates who will attend the Conference, 
representing the United States, are as follows: 

Dr. C. H. Sharp, President of the U.S. National 
Committee. 

Dr. C. O. Mailloux, Honorary President of the Electro- 
technical Commission and Honorary President of 
the U. S. National Committee. 

Mr. C. E. Skinner, Westinghouse Electric & Manufac- 

turing Co. 


Mr. L. L. Elden, Edison Electric Company of Boston. 

Mr. 8. E. Doane, Chief Engineer, National Lamp 

Works, Nela Park, Cleveland, Ohio. 

Mr. E. A. Synder, General Electric Company, Pittsfield, 
Mass. 

A representative of the Electric Power Club, to be 
designated. 

A representative of the Telephone Interests, to be 

designated. : 


The actual program of the meetings and subjects is 
as indicated below: 


MEETING OF THE INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 

The tentative program for the Convention of the 
International Electrotechnical Commission Advisory 
Committees, to be held at the Hague, April 16-23, 1925, 
includes the following subjects: traction motors, sym- 
bols, terminal markings, ratings, rules and regulations, 
standard pressures, prime movers, transformer oils, 
lamps, caps and nomenclature. 


A Two-Speed Salient-Pole Synchronous Motor 


BY ROBERT W. WIESEMAN: 


Associate, A. I. E. E. 


Synopsis.—The design features and performance characteristics 
of salient-pole synchronous motors are well known and have been 
thoroughly covered in the technical press. The synchronous motor 
has been handicapped in the past because it is inherently a single- 
speed machine, and a change in speed could be obtained only by a 
change in the frequency of the power supply. Changing the fre- 
quency, however, is not practical in most applications. 

The special pole described in this paper which allows two-speed 
operation of a synchronous motor to be obtained at high efficiency is a 
new feature®. The same principle applied to a generator enables 
two frequencies to be obtained at the same speed or the same frequency 
at two different speeds. All that is necessary to change the speed (or 
frequency) ts a pole-changing switch for the stator winding and a 
reversing switch for the rotor winding. A 5000/2500-h. p., 600/300- 


rev. per min., two-speed synchronous motor was built without having 
first constructed a model of any kind. This motor proved to be en- 
tirely satisfactory and its characteristics obtained by test agreed very 
closely with the calculated characteristics. 

At either speed the two-speed synchronous motor functions exactly 
as the ordinary synchronous motor. There is nothing special or 
complicated about its construction, it does not require any more at- 
tention than the ordinary synchronous motor, and its expense of 
maintenance is just the same. The first cost of such a motor is only 
slightly more than that of the ordinary synchronous motor whose 
rating is equal to the low-speed rating of the two-speed motor. There- 
fore, the two-speed synchronous motor. is a practical machine and it 
should open a new field, for synchronous motor application. 
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PURPOSE 


HE purpose of this paper isto present the theory of 
the two-speed (constant torque) salient-pole syn- 
cchronous motor, to describe a 5000/2500-h. p., 

600 /300-rev. per min., unity power-factor, 60-cycle, 2300- 
volt machine of this type. It will also be shown that its 
characteristics can be predetermined with the same de- 
gree of accuracy as those of the ordinary synchronous 
motor, and that this machine, when driven at constant 
speed, can be made to function as a two-frequency 
generator. 


INTRODUCTION 


The ordinary synchronous motor is inherently a one- 
speed machine because its revolving field, which is ex- 
cited by direct current, must rotate in exact synchro- 
nism with the gliding magnetomotive force of the stator. 
Induction motors can be built to operate at two, three, 
and four speeds because the induction motor has a 
cylindrical rotor, a uniform air gap, and a distributed 
rotor winding. These features make it easy to change 
the synchronous speed by regrouping the stator and the 
rotor coils. In the synchronous motor with the usual 
salient-pole construction, the air gap is not uniform and 
the field winding is concentrated. Therefore, to operate 
a salient-pole synchronous motor from a constant-fre- 
quency supply at more than one synchronous speed, a 
special design is necessary. Such a motor is partic- 
ularly suitable for constant-torque loads because syn- 


chronous motors are most efficient when operated at’ 


normal magnetic flux and current densities at either 
speed. 

The multi-speed synchronous motor can operate at 
unity power-factor (or at any desired leading power- 
factor), whereas the multi-speed induction motor usu- 
ally has a rather low lagging power-factor at the lower 


1. General Electric Co., Schenectady, New York. 

2. U. 8. Patent No. 1,491,451 April 22, 1924. 

To be presented at the Spring Convention of the A.J. EH. E., 
St. Louis, Mo., April 13-17, 1926. 


speed, unless a special compensating arrangement is 
used. It will be seen later that the particular two- 
speed synchronous motor described has an efficiency of 
95.6 per cent when operating at 5000 h. p., 600 rev. per 
min., and at 2500 h. p., 300 rev. per min. It can thus 
be seen that the possibility of obtaining two speeds from 
synchronous motors opens a new field of application 
which so far has been covered by induction motors. 

This particular motor (described later) was built to 
drive an a-c. generator at two speeds in order to obtain 
two frequencies. This motor can function equally well 
as a two-frequency generator when driven at constant 
speed. Thus a frequency converter set, consisting of 
two of thesé machines, could supply three different 
frequencies. 

In some mine fan installations the full capacity of 
the fan is not required at certain periods of the day. In 
cases where a speed ratio of one to two is satisfactory, 
the two-speed synchronous motor should be suitable. 
Although this load would not be a constant-torque 
load, the efficiency at both speeds could probably be 
made higher than that of a corresponding two-speed 
induction motor. Furthermore, the synchronous motor 
could be operated at any power factor to obtain power 
factor correction. Thus, at the one-half speed condi- 
tion only about one-eighth power is required and the 
remaining synchronous motor capacity can be utilized 
for power-factor correction. One difficulty in this 
application is that 100 per cent pull-in torque is re- 
quired which necessitates a heavy starting winding. 
The ordinary starting winding can be used if a clutch 
is installed or if the motor is equipped with a rotating 
frame (super-synchronous motor). 

Synchronous motors are now being used for ship 
propulsion. Changes in motor speed are accomplished 
by changing the generator frequency by varying the tur- 
bine speed. With a two-speed motor half speed can be 
obtained at normal frequency. The advantage of this 
scheme lies in the operation of the steam turbine at nor- 
mal speed where the efficiency is maximum. 
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— Backwater conditions at certain waterpower plants 
are such that the effective head is much less (sometimes 
one-half) during the rainy season than during the dry 
season. For efficient operation the water turbine speed 
should be reduced with the head, a condition which 
gives a much lower turbine speed during the rainy 
season. In cases where the turbine speed is reduced to 


Fig.l n Speed 
Fig.2 4 Speed 
Fig.3 n Speed 


Fig. 1-2—F Lux DistrisvTion IN THE AIR GAP OF AN ORDINARY 
SaLIeENT Pott Macuinn at no Loap 
Fig. 3—F Lux DIstTRIBUTION IN THE AIR GAP OF AN ORDI- 
NARY SALIENT PoLE MacuHinge at No LoAD WHEN ONE PoLE 
1s REVERSED 


one-half, a two-speed generator would give normal | 


frequency at both normal speed and one-half normal 
speed of the turbine. 

It was originally hoped that the two-speed synchro- 
nous motor could be used advantageously for refrigera- 
tion. In the summer the ammonia compressors are 
usually worked continuously at full capacity. In the 
winter the compressors are unloaded (two-cylinder 
compressor operated with only one cylinder), a con- 
dition which requires abnormally large fly-wheels. 
Otherwise trouble due to hunting and excessive current 
pulsations will be experienced. This difficulty is now 
being overcome by using the modern clearance pockets 
in the cylinder of the compressor. With a two-speed 
motor both cylinders could be used at one-half speed 
which would give the same degree of refrigeration as 
at full speed with only one cylinder; but about five times 
the normal speed fly-wheel effect is necessary to prevent 
excessive current pulsations. Thus the fly-wheel for 
this condition is nearly as large as the one required when 
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the compressor is unloaded, and the advantage of the 
two-speed synchronous motor in this case is not so 
marked. 


SPECIAL POLE NECESSARY FOR TWO SPEED OPERATION 


Fig. 1 shows diagrammatically the flux distribution 
in the air gap over a pole-pitch in an ordinary salient- 
pole synchronous motor. In order to make this ma- 
chine operate at half of its normal speed, the number of 
poles must be doubled and the armature winding must 
be reconnected accordingly. Thus, to have a motor 
which will operate at normal and one-half normal speed, 
it is necessary to arrange the armature and field wind- 
ings so that they can be connected for either normal or 
twice normal number of poles. Fig. 2 shows the flux 
distribution in the air gap over two poles of opposite 
polarity which are placed in the same space as that 
shown in Fig. 1. This represents at one-half speed the 


Ny Im a . 

Fic. 4-5—Fiux DistripuTion tn THE AIR GAP OF A SALIENT 
Ip oT < 
Pots Macuine at No Loap witH SprecrtaL PoLEs AT THE Hieu 
AND Low Sprrps RespcerivELy 


flux distribution, which is the same as in an ordinary 
machine. Now, to operate this machine (Fig. 2eat 
normal speed, the polarity of one of the poles must be 
reversed; the flux distribution will then take the form 
shown in Fig. 3. This condition gives a flux wave with 
a pronounced third harmonic which gives a very high 
core loss due to excessive hysteresis. Furthermore, the 
flux represented by the shaded area is lost and thus the 
capacity of the machine is decreased. 
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To overcome the objectionable condition shown in 
Fig. 3, the author devised a special pole piece. Figs. 4 
and 5 show the flux distribution in the air gap with this 
special pole shape for the high and low speeds respect- 
ively. Comparing the flux wave of Fig. 4 with that 
of Fig. 3, it will be apparent that the core loss will be 
be much less for the flux distribution represented by 
Fig. 4. Tests have shown that, with the special pole 
(Fig. 4) at normal speed, the core loss is only 15 per cent 
greater than that of the ordinary salient-pole machine 
(Fig. 1); but this is not objectionable. At half speed 
(Fig. 5) this special pole increases the core loss over that 
shown in Fig. 2. The hysteresis loss is the same in 
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Speed Speed 


Se __ Current 
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both cases, but the eddy-current loss is greater due to 
the steep wave front at A. Tests show, however, that 
the core loss for the half speed condition, (Fig. 5), 
is also only about 15 per cent greater than that of an 
ordinary salient-pole machine, (Fig. 2). The distance 
between the poles B should be made large enough to 
prevent a high leakage flux for the low speed condition, 
(Fig. 5). This leakage flux would be high only in a 
machine with a very large number of narrow poles. 
The shape of the pole face is a compromise between the 
best shapes required at the two speeds respectively. 
If the motor is to operate most of the time at the high 
speed, the distance between the pole pieces B (Fig. 4) 
should be made relatively small. Conversely, if the 
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motor is to operate mostly at the low speed, the distance 
B should be increased. 


SCHEME FOR CHANGING NUMBER OF ROTOR POLES 
The scheme for changing the number of effective rotor 


poles in the ratio of two to one is shown by Fig. 6. The 


polarity of the polar projections for the high speed is 
indicated by N, S, S, N, etc., to the right of the vertical 
center line and the polarity for the low speed is indicated 
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Phase A 


Phase B | Phase A 


Phase B 


by N, S, N, S, etc., to the left of the vertical center line. 
To simplify the method of connecting the field coils, 
half of the coils have their connections made on one end 
of the rotor and the other half are connected on the 
opposite end. It should be noted that every other pair 
of polar projections have the same polarity for both the 
high and low speed conditions and the field coils in these 
polar projections are connected to one set of collector 


rings—to the right. The pairs of polar projections 
whose polarities must be reversed when changing from 
the high to the low speed, or vice versa, are connected 
to the other set of collector rings—to the left. The two 


~ sets of collector rings are connected in series through a 


reversing switch. The number of rotor poles is changed 
in the ratio one to two,—high to low speed, or vice 
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versa, by throwing the reversing switch to the right or 
to the left. 
DESCRIPTION OF STATOR 


The stator of a two-speed synchronous motor is prac- 
tically the same as the stator of an ordinary synchronous 
motor. The stator frame and stator punchings are 
exactly the same. No special arrangement of the turns 
or the conductors in the coil is necessary. The only 
difference is in the stator coils and coil connections. 
The coils usually have a smaller pitch than those used on 
ordinary synchronous machines and thus the coil and 
projection is less. The stator coil pitch can be varied 
within certain limits to accommodate the conditions of 
design. At the high-speed connection the coil pitch 
can be made 50 to 60 per cent (coil cc, Fig. 4), which 
makes the pitch 100 to 120 per cent (coil ¢’c’, Fig. 5) 
at the low speed connection. 
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A-c. motors are usually supplied with electric power 
from constant potential lines. Since it is desirable to 
have the magnetic flux density in the air gap approxi- 
mately the same at both speeds, it follows that the num- 
ber of turns in series per phase of the stator winding at 
low speed must be twice the number in series at high 
speed. Therefore, changing the number of stator poles 
in the ratio of one to two consists of changing the num- 
ber of circuits in the ratio of two to oneinsuch amanner 
that half of the phase groups are reversed. The method 
of reconnecting one phase of the stator winding by 
reversing every other phase group is similar to recon- 
necting the field coils as shown by Fig. 6. 


TWo-PHASE STATOR WINDINGS 


Figs. 7 and 8 show the method of connecting a two- 
phase stator winding for the high and low speeds re- 
spectively. This connection requires only six terminals 
and it can be used for either three- or four-wire two- 
phase. The advantage of this connection is its sim- 
plicity. For this reason it is used on induction motors. 
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Its disadvantage is that the phase belt is 180 deg. at 
the low-speed condition. A 180-deg. phase belt is not 
recommended for a two-speed synchronous motor be- 
cause the short-circuit core loss with a 180-deg. phase 
belt is nearly twice that obtained when the phase belt 
is 90 deg. Furthermore, the flux per pole is 41 per cent 
greater with the 180-deg. phase belt, and thus the core 
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loss is about 90 per cent greater and the field R J? loss 
about 250 per cent greater. 

To overcome the objectionable features of the 180- 
deg. phase belt at the low-speed condition, a 90 -deg. 
phase belt should be used and the stator winding con- 
nected as shown by Figs. 9 and 10. In Fig. 9, each 
phase is split into two 45-deg. belts, which become 90 
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deg. belts in Fig. 10. Twelve terminals are required 
when the two-phase power supply is three-wire. If the 
power supply is four-wire, the leads 9, 10, 11, and 12, 
(Figs. 9 and 10), can be connected internally and then 
only eight terminals are necessary. In this case the 
line terminals for the high speed, Fig. 9, will be Vacs 
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2-4, and the leads 5, 6, 7, and 8 areconnected. Forthe 
low speed, Fig. 10, the lines will be 5-7, 6-8, and no 
connection will be necessary. 


THREE-PHASE STATOR WINDING 


Figs. 11 and 12 show the wiring diagrams for a three- 
phase stator winding which requires only six terminals. 
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The phase belt for the high-speed condition is 60 deg. 
and for the low-speed condition 120 deg. The increase 
in the phase belt from 60 deg. to 120 deg. helps to coun- 
teract the decrease in flux due to the increase of the 
stator coil pitch when changing from high to low speed. 


Fig. 13—STaToR OF A 12/24-Po.ez, 5000 /2500-H. P. 600/300- 
Rev. per Min. Two-SPeep SyncHronous Motor 


DESCRIPTION OF A 5000 /2500-H. P., 600 /300-REV. 
PER MIN., TWO-SPEED SYNCHRONOUS MOTOR 
Fig. 13 shows the stator of a 5000/2500-h. p., 600/300- 
rev. per min., 12/ 24-pole, 60-cycle, unity power-factor, 
two-phase, 2300-volt, two-speed, synchronous motor 
with the end shields removed. The stator winding is 
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arranged so that a 90-deg. phase belt is obtained at both 
speeds. 

Fig. 14 shows the rotor completely assembled. The 
poles are equally spaced so that the maximum amount 
of interpolar space can be utilized for the field coils. 
This motor is used on a 24,000-kv-a. frequency 
converter set where it was desirable to place the 
motor coupling between the rotor and the bearing. 
In order to reduce the axial length of the set to a mini- 
mum, all four collector rings were placed at one end of 
the rotor. The usual practise is to place the coupling 
beyond the bearing and then it is desirable to place two 
collector rings on each side of the rotor. 


Fic. 14—Roror or a 12/24-Poun, 5000/2500-H. P. 600/300- 
Rev. per Min. Two-Sreep Synchronous Motor 


Fig. 15 gives a section view of the motor showing the 
unsymmetrical pole tip. The poles are equipped with 
an amortisseur starting winding, consisting of five bars 
per pole. Starting tests show that the unsymmetrical 
pole face has no tendency to cause the motor to lock at 
a sub-synchronous speed when it is connected for either 
speed. 

An interesting feature in the rotor construction of 


Fig. 15—Srction Virw or Two-SpEED Syncuronous Motor 


this two-speed motor is the possibility of arranging the 
field coils at the high speed connection to form a two- 
phase winding which would give considerable starting 
torque when the motor is operated as an induction 
motor. ‘This can be done by dividing the coils into two 
independent groups, each group consisting of alternate 
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coils connected in series, and by short-circuiting the 
groups separately. The disadvantage of this scheme 
is that eight collector rings would be required and thus 


Fig. 16—FLux Wave in Arr Garp at High Sprep No Loap 


the axial length of the motor would be materially 
increased. 


PREDETERMINATION OF MOTOR CHARACTERISTICS 

The actual flux distribution in the air gap is obtained 
by taking an oscillogram of the voltage induced in an 
exploring coil placed on the armature face. Figs. 16 
and 17 show the flux waves obtained by tests for the 
high and low speed conditions respectively. 


fig. 17—FLux Wave 1n Air Gar at Low Sprep No Loap 


Fig. 18 shows the outline of the magnetic field struc- 
ture drawn to scale. The flux distribution in the air 
gap is obtained graphically by plotting the equipotential 
lines of magnetomotive force and the tubes of magnetic 
flux. The influence of the stator and rotor slots is 
neglected. The dotted lines in Fig. 18 give the calcu- 
lated flux distribution in the air gap and the full lines 
show the flux distribution obtained by test. In plotting 
the actual flux waves (Figs. 16 and 17) in Fig. 18 the 
ripples due to the rotor amortisseur winding slots were 
neglected. It should be noted that in Fig. 18 the full 
wave (one-half cycle) of the low-speed flux wave is 
shown and only half (one-quarter cycle) of the high- 
speed flux wave is shown, since this is a symmetrical 
wave (Fig. 16). The calculated flux waves agree very 


WIESEMAN: TWO-SPEED SALIENT-POLE SYNCHRONOUS MOTOR 


closely with those obtained by test. Since the pre- 
determination of the flux distribution in the air gap is 
the foundation upon which the design calculations are 
based, it follows that the characteristics of a two-speed 
synchronous motor can be readily predetermined. 

Fig. 19 shows the calculated and test saturation, syn- 
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Fig. 18—Fiux DisrrisutTion 1n Air Gap at No Loapij 
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Wie. 19—CHaARACTERISTIC CuRVES 12/24-PoLE 5000/2500- 


H. P. 600/300-Rzry. par Min. Two-Srrep SyncHronous Motor 
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chronous impedance, and no-load phase characteristic 
curves for the high-speed condition; Fig. 20 gives simi- 
lar low-speed characteristics. Figs. 21 and 22 give the 
starting torque and starting current for the high and 
low-speed conditions respectively. A comparison ‘of 
Figs. 21 and 22 will show that the starting torque 
developed with the high-speed connection is much 
higher than that developed under the low-speed con- 
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dition. The flux density in the air gap is higher and the 
reactance is lower for the high-speed condition, and since 
the starting torque varies approximately as the square 
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of the flux density and inversely as the reactance, it 
follows that the high-speed condition should give a 
higher starting torque. 

The efficiency curves of this motor at the high and low 
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speeds are shown in Fig. 23. These efficiencies were 
obtained experimentally by the segregated-loss method 
and they include the windage and friction loss, open- 
circuit core loss, short-circuit core loss, armature and 
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field R I? losses. These efficiency curves show that at 
normal load the efficiency is about the same at both 
speeds. This refers to 5000 h. p., 600 rev. per min., and 
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Fic. 24—Votrace WAVE AT Higu Sprep No-LoabD 


to 2500 h. p., 300 rev. per min. The stator R I? losses 
are about the same in either case, but the windage and 
core losses are much less at the low speed. This ac- 
counts for the high efficiency at the low speed. 


346 


Two FREQUENCY GENERATOR 
A two-speed synchronous motor can also function as 
a two-frequency a-c. generator when driven at constant 
speed. Although the flux wave at either frequency 
deviates appreciably from a sine wave, the voltage wave 
can be made nearly sinusoidal by a suitable choice of 
the number of slots and of fractional pitch of the arma- 


Fic. 25—Vouttacre Wave at Low Sprep No-Loap 


ture coils. Fig. 24 shows an oscillogram of the no-load 
voltage wave when the above described machine is 
connected for the normal number of poles, and Fig. 25 for 
twice the normal number of poles. These voltage waves 
are really gaod waves when we consider that the ma- 
chine was connected two-phase and had an integral 
number of armature coils per pole per phase. The 
voltage waves would be much better in a three-phase 
machine with a fractional number of stator coils per 
pole per phase. By comparing the flux wave, Fig. 16, 
with its voltage wave, Fig. 24, and similarly, Fig. 17 
with Fig. 25, it will be seen how much the pitch and 
distribution of the armature coils reduce the various 
flux ripples and harmonics. 
The efficiency of this machine obtained by test, when 
used as a multi-frequency generator, is as follows:— 
300 Rey. per MIN. 
12 poles 30 cycles 
2000 kw., 1.0 P. F. 
Efficiency 95.4 per cent 


24 poles 60 cycles 
2000 kw., 1.0 P. EF. 
95.6 per cent 

600 Rey. per Min. 
12 poles 60 eycles 
4000 kw., 1.0 P. F. 
Efficiency 95.7 per cent 


24 poles 120 eyeles 
4000 kw., 1.0 P. F. 
95.8 per cent 

The efficiency at 300 rev. per min., 60 cycles is slightly 
higher than at 300 rev. per min., 30 cycles because the 
field FR I? loss is less for the 24-pole connection. 


CONCLUSION 

There is nothing special or complicated about the 
construction of the two-speed synchronous motor. Its 
performance can be predetermined: with the same de- 
gree of accuracy as that of the ordinary synchronous 
motor. It does not require any more attention than an 
ordinary synchronous machine, and its maintenance 
expense is just the same. The cost of such a motor is 
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only slightly higher than that of an ordinary synchro- 
nous motor whose rating is equal to the low-speed rating 
of the two-speed motor. Therefore, this new syn- 
chronous motor is a practical machine and should open 
a new field for synchronous motor application. 


THE SINGLE, STRAIGHT CONDUCTOR 
AS A NEW FUNDAMENTAL 


The Journal Franklin Institute for February contains 
an article by Carl Hering in which he shows how the 
single, straight conductor can be used as a fundamental, 
and how simple and well defined its properties are. 

Starting with energy (instead of forces) as a fun- 
damental, and a unit length (1 cm.) of a long, straight, 
conductor, far removed from all other currents, as the 
most basic, fundamental conductor, using the Northrup 
formula for the internal pressures (the so-called pinch 
pressures) in such a conductor, the author shows 
analytically by a direct, rigid, method, based merely on 
forces and distances, hence on mere mechanical prin- 
ciples and therefore independent of the self-inductance 
factor, that the total energy stored (inside and outside) 
is 7 2/2 ergs per unit length, the current 7 being in c.g.s. 
units. Hence in such a fundamental conductor, half 
resides inside and half outside; this total energy and the 
self-inductance are also independent of the radius of 
the conductor, just as they are known to be for the 
inside energy. It is shown how the energy of the out- 
side flux manifests itself in the material of the conductor 
by pressures. 

Agreements with other facts are shown, and the 
reasons for disagreements with some supposedly known 
facts (based on mathematical infinities) are explained. 
This stored energy per unit length is a minimum limit 
in the fundamental conductor and is very small, not 
infinitely great, as has been believed by some. 

The physical meaning of the self-inductance of any 
part of such a conductor, turns out to be, that it is the 
distance over which the current flows. The stored 
energy in any part of such a conductor in ergs, is 
equivalent to a longitudinal force of 7 2/2 dynes acting 
over the length of the conductor in centimeters; this 
force is independent of the radius of the wire. The 
field intensity H at the center of a circular circuit of 
one turn (on which the ampere is based ) is 7 times 
that at the same distance from such a fundamental 
conductor. Fora unit length, and unit radius of such a 
conductor, the total radial force (not the pressures) 
at the outside surface, is 7? hence is a unit relation 
in the c. g. s. system, which is significant. 

It is claimed that these several simple relations of 
such a fundamental conductor, and its properties, 
could not have been deduced from the usual “complete 
circuit”? conception, and that such a conductor is a 
useful unit of reference, as:the most fundamental kind 
of a conductor. 


Applications of Motors to Mine Locomotives’ 
BY W. A. CLARK: 


Associate, A. I. E. E. 


Synopsis.—This paper discusses the rule of thumb method 
of applying motors to mine locomotives. It shows why speed of 
locomotive should be considered in selecting motor horse power. 


]N successfully applying amotor to a mine locomotive, 
it is necessary to have the following information: 
Weight of locomotive, gage, limiting height and 

width, maximum and average grade, minimum radius 
of curve and service to be performed. The weight 
required for a given service is determined by the weight 
required to haul, accelerate or brake the heaviest train 
on the steepest grade. The minimum radius of curve 
determines the maximum wheel base allowable. This, 
with the gage and the limiting height, determines the 
space available for the motor. The weight and speed 
of the locomotive determine the approximate horse 
power of the motor, and the all-day service deter- 
mines the continuous capacity required of the motor 
to perform the service without overheating. 

All manufacturers of mine locomotives have stand- 
ardized on certain weights of locomotives and on defi- 
nite motors for these weights varying with the gage and 
height limitation. The horse power ofthe motors for a 
given weight locomotive is approximately 10 h. p. per 
ton, but varies from this, depending upon the speed and 
other conditions. The basis of 10 h.p. per ton was 
established at the time all manufacturers built non- 
commutating pole motors, and all locomotives had 
rated speeds of six to seven mi. per hr. On this basis, 
the slipping point of the wheels did not require currents 
in the motors in excess of the commutating range of the 
motor. Speed should have been considered in select- 
ing the motor horse power in addition to the weight. 

If the hour rating current is not exceeded at the 
rated draw-bar pull of the motor, the motor will never 
be called upon to operate at currents beyond the 
commutating range and will have sufficient thermal 
capacity to stand the accelerating currents. 

The horse power is readily determined from the 
formula: 


Tractive effort < mi. per hr. 
375 


Tractive effort is equal to draw-bar pull plus locomotive 
friction, which may be assumed at one per cent or 
20 lb. per ton. The rated draw-bar pull with steel tired 
wheels is 25 per cent of the weight of the locomotive, 
or 500 Ib. per ton. The tractive effort is the sum of 
these values, or 520 lb. per ton. 

1. Of the Westinghouse Elec. & Mfg. Co., East Pittsburgh, 
Pa. 


To be presented at the Spring Convention of the A. I.E. E., 
St. Louis, Mo., April 18-17, 1926. 


h-p. = 


It indicates a rational method of selecting motors for locomotives 
for general application. 


Substituting in the above formula it becomes, 


520 T’. X mi. per hr. 


hope 
P 375 


Where 7’ is the tons weight of the locomotive. 


This gives the horse power at the wheel, at rated 
draw-bar pull and speed. However, mine motors are 
rated in horse power at the pinion, so that to find the 
motor horse power required, itis necessary to introduce 
into the formula the gear efficiency. With the stand- 
ard arrangement of single reduction spur gear this is 
considered to be 95 per cent. The formula then 


becomes: 
520 7 < mi. per hr. 
hep: =" so ee op eee 
95 X< 875 

h. p. : 

OMS aa = 1.46 mi. per hr. 

an haps 

A hieys byctrs 
mi. per hr. = IAG 


From this formula it is readily seen that if the horse 
power per ton per mile per hour is 1.5 or more, the hour 
rating current of the motors will not be exceeded at the 
rated draw-bar pull. The maximum starting draw- 
bar pull with steel-tired wheels is 30 to 33 per cent of the 
weight of the locomotive. The starting draw-bar pull 
will then be approximately 33/25 = 1.33 times the 
rated draw-bar pull. Using brakes to hold the wheels 
from slipping the maximum load on the motor will be 
the current corresponding to 40 per cent adhesion or 
40/25 = 1.6 times the rated draw-bar pull. With 
motor outputs corresponding to 1.33 and 1.6 times the 
rated draw-bar pull, the corresponding current in the 
motors will be approximately 1.25 and 1.45 times the 
current at rated draw-bar pull. If the motor has a 
rating of 1.5 h.p. per ton per mile per hour, the maxi- 
mum overload on the motor will be less than 50 per 
cent overload. A commutating pole motor will stand 
100 per cent overload current for short periods without 
sparking or injurious heating. Therefore, a commuta- 
ting pole motor witha horse power rating of considerably 
less than 1.5 h. p. per ton per mile per hour will be 
large enough to satisfactorily handle the service 
provided it has sufficient continuous capacity. 
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The ability of a motor to perform a given service 
without overheating depends on the continuous capac- 
ity and not on the hourly rating, although with similar 
designs, the continuous capacity is proportional to the 
hourly rating. The continuous rating of a mine motor 
is measured in amperes at reduced voltage in line with 
the standardization Rules of the American Institute of 
Electrical Engineers. The rating is in amperes so that 
it may be readily checked against the root-mean-square 
current as figured or measured for a given service. It is 
taken at reduced voltage because the average voltage 
impressed on a motor on a mine locomotive, during a 
definite time cycle of operation, will be approximately 
half the trolley voltage, or less, as the locomotive is 
standing with no voltage on the motors a large propor- 
tion of the time and is operating with resistance in 
series with the motors or with the motors in series 
during acceleration, at which time the voltage across 
the terminal of one of the motors is considerably less 
than the trolley voltage. This neglects the line-drop 
in the trolley wire from the substation to the locomotive. 

The continuous rating will vary with the design and 
size of the motor. Since it depends principally upon the 
radiating surface, it will be a smaller percentage of the 
hour rating current on larger motors than on smaller 
since the surface per weight, or volume, is less on the 
largermotor. Thecontinuousrating ofan enclosed motor 
will vary from 30 per cent to 50 per cent of the hour 
rating current. If ventilating covers are supplied on 
the motor and the armature is equipped with a fan, the 
continuous rating will be increased in proportion to the 
efficiency of the ventilation. However, in a mine, a 
self-ventilated motor draws in a large amount of sand 
and coal dust. While the fan will keep the motor 
cleaner than an enclosed motor, the dirt in the ventila- 
ting air has a destructive affect on the surfaces over 
which it passes. 

Another way to increase the continuous rating is the 
use of forced ventilation. A motor-driven blower is 
mounted on the locomotive and forces screened air 
through the main motors. By the use of forced ventila- 
tion, the continuous capacity is more than doubled. 
This method of increasing the continuous capacity has 
the disadvantage of requiring an additional piece of 
apparatus on the locomotive with additional space 
required for mounting the apparatus and the air 
conduits. On large locomotives this is not a serious 
disadvantage as it is easier to find place for the blower 
and air conduits than for the much larger motor re- 
quired, if the motor were an enclosed motor without 
ventilation. The blower equipment is standard on the 
larger three-axle locomotives of several of the larger 
manufacturers of mine locomotives. It is also used on 
some smaller three-axle and two-axle locomotives, 
where mine clearances will not permit the use of an 
enclosed motor with sufficient continuous capacity to 
perform the service. 


In applying motors to a locomotive for any given 
service, the first thing to determine is the weight of the 
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locomotive required. As stated in the early part of 
this paper, this is determined by the weight required 
to haul, accelerate or brake the heaviest train on the 
steepest grade. Based on steel-tired wheels and level 
tangent tracks, the formula for determining the 
weight of locomotive is as follows: 


L(R+ A) 
0.30 x 2000 -— A 


Where W is the weight in tons of the locomotive 
required. 

L is the weight in tons of trailing load = N W 
where N is number of cars and W is 
weight in tons of car. 

R_ is the frictional resistance in pounds per ton 
of the cars and varies from 15 lb. to 
301b. depending on the weight of the car 
and type of bearings. 

A is the acceleration resistance. This is 100 
for one mi. per hr. per sec. acceleration 
and is usually taken as 10 or 20, cor- 
responding to an acceleration of 0.1 
or 0.2 mi. per hr. per sec. ; 

30 per cent is the starting adhesion with stee 
tired wheels. 

2000 is a factor to give the adhesion in pounds 
per ton. 

Where there are grades, the weight of locomotive 
required to haul the train up the grade is determined by 
the formula: 


W = 


L(R+G) 
0.25 «x 2000—G 


Where G is the grade resistance in pounds per ton or 
20 lb. per per cent grade,and 25 percent is the running 
adhesion of the locomotive. 

The weight of locomotive necessary to start the train 
on this grade is determined by the formula: 


(Roe Gea) 
0.30 X 2000 — (G + A) 


A comparison of the last two formulas shows that a 
locomotive which will haul a train up the grade will have 
ample capacity for accelerating the train provided the 
grade is more than one and one-half to two per cent 
since the increase from 25 to 30 per cent adhesion on 
starting will more than make up for the addition of the 
accelerating resistance in the formula, since A is then 
relatively small in comparison with the sum of R +G. 


Where the grade is in favor of the load, the formula 
becomes: 


W = 


W = 


DG aR) 
0.20 x 2000 — G 
and to brake the train on the grade: 


L(G + B-— R) 
0.20 x 2000 — (G + B) 


Where B is the braking effort in pounds per ton and 


W= 


W = 
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equals 100 Ib. per ton for a braking rate of one mi. per 
hr. per sec. or 10 lb. per ton for a braking rate of 
0.1 mi. per hr. per sec. From the safety standpoint, 
the adhesion is takenas20percent. Itcan, ofcourse, be 
increased by the use of sand provided the grade is short. 


If there are curves in the track of lengths equal to 
a train length, it is necessary to introduce in the above 
formulas the curve resistence, as for example, 


L(R+G+C+4) 


Wer 0.30 x 2000- (G+C+4) 


where C is the curve resistance in pounds per ton. 
Curve resistance in pounds per ton for a train of mine 
cars may be determined by the formula: 


WB xX 2000 
5xXR 


Where W B is the wheel base of the car in feet, and Ris 
the radius of the curve in feet. 

Having determined the required weight of the 
locomotive, it is necessary to determine whether the 
standard locomotive of the weight required has motors 
of sufficient capacity for the all-day service. If this is 
gathering service, it is rather difficult to figure the root- 
mean-square current of the motor, but the proportion of 
the time in which the locomotive is operating at high 
draw bar pull is very low, so that a motor applied in 
accordance with the formula of 1.5h. p. per ton per mi. per 
hr. will have ample capacity for any gathering service, 
and a motor of smaller horse power than determined by 
this formula would usually have the required capacity. 

In haulage service it is, however, comparatively easy 
to figure the root-mean-square from the motor curve, 
the profile and the loads. Where the hauls are not too 
long or the grades long and steep, the standard motor on 
the basis of 1.5 h. p. per ton per mi. per hr., or approxi- 
mately 12h. p. per ton, will usually have ample capacity 
for the service. But where the hauls are very long, so 
that the layover time at the end of the trip is very small 
in proportion to the total time, the root mean square 
current may figure higher than the continuous capacity 
of the standard motor. In this case, it is necessary to 
use a larger motor than standard for a given weight of 
locomotive, or apply forced ventilation. 

In gathering service, the standard motors have 
ratings of approximately 10 h. p. per ton of thenominal 
weight of the locomotive, which is ample for locomotives 
with rated speeds up to seven mi. per hr. This speed is 
much higher than necessary for gathering service. 
Storage battery locomotives with rated speeds at 314 
mi. per hr. are able to gather almost as many cars per 
day as the higher speed trolley type gathering loco- 
motives. Both speed and horse-power rating of the 
motors on gathering locomotives can be reduced con- 
siderably without reducing the daily output of the 
locomotive, but with a corresponding reduction in 
power consumption and peak loads. In gathering 
service the runs are short, and on most of the runs the 


curve resistance 
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load consists of one car followed by a run with the 
locomotive light. A locomotive which has its speed at 
rated draw-bar pull of 61% to 7 mi. per hr. will have a 
balanced speed running light or with one car on the 
level, of 10 to 15 mi. per hr. This is a higher speed 
than can be reached in the short runs in the rooms, so 
it is necessary to operate with resistance in series with 
the motor a large percentage of the time. If the motors 
on gathering locomotives are designed for speeds of 
four to five mi. per hr. at rated draw-bar pull, the 
power required from the line will be 20 to 25 per cent 
less, the motor may have a correspondingly lower 
rating and the actual time of the trips of the light 
locomotive or of the locomotive hauling a light load will 
be approximately the same, since the motor willoperate 
for a large proportion of the time with resistance cut 
out. On runs with heavy loads, the speed will be 
reduced, but if feeder capacity is limited, the reduced 
current draw of the lower speed locomotive will give a 
higher voltage at the locomotive which will increase 
the relative speed of the locomotive. 


THERMAL EXPANSION OF ALUMINUM 
AND VARIOUS IMPORTANT ALUMINUM 
ALLOYS 

Scientific Paper of the Bureau of Standards, No. 
497, gives data on the linear thermal expansion of 4 
samples of aluminum and 51 samples of important 
aluminum alloys. The preparation, chemical com- 
position, heat treatment, etc., are included. Most of 
the specimens were examined from room temperature 
to about 500 deg. cent. Typical expansion curves of 
the various groups of samples are shown and discussed. 

A description of the apparatus used in this research 
and a review of available information obtained by 
previous observers on the thermal expansion of 
aluminum and some of its alloys, are given. 

The expansion of cast aluminum (99.95 per cent) 
from room temperature to 610 deg. cent. is represented 
by the following equation: 

L, = Lo {1 + (22.58 ¢ + 0.00989 #) 10~*] 

The relations between the chemical compositions and 
coefficients of expansion of aluminum-copper alloys 
(4 to 12 per cent copper) and aluminum-silicon alloys 
(4 to 12.5 per cent silicon), are shown in figures. The 
anomalous expansion of two aluminum-zinc alloys at 
constant temperazure (about 270 deg. cent. on heat- 
ing) is shown. From the results of previous observers 
and the present research, it is evident that the alumi- 
num-zine alloy of eutectoid composition (about 79 per 
cent zinc) shows the greatest change in expansion at the 
transformation or eutectoid temperature. A. tri- 
angular diagram is shown which indicates the effect 
of change of composition on the coefficients of expan- 
sion of aluminum-silicon-copper alloys lying near the 
aluminum corner of the ternary system. The table in 
the summary gives a comparison of the average coeffi- 
cients of expansion of the various groups of samples 
investigated. 


Synchronous Motor Drive for Rubber Mills 


With Special Reference to Dynamic Braking Control 
for Safety Stopping 
BY C. W. DRAKE! 


Member, A. I. E. E. 


Synopsis.—Since wound-rotor induction motors with clutch 
brakes have been very commonly used for this application, a review 
of the operating conditions and safety requirements is given, in order 


URING 1920, the Rubber Sub-Committee of the 
Industrial and Domestic Power Committee of the 
A. I. E. E. collected and prepared considerable 
data relative to the choice and selection of motors for 
mill-line drives (paper presented January 14, 1921 at 
the Akron-Cleveland meeting). It was mentioned in 
this report that synchronous motors had certain desir- 
able characteristics for mill-line drives and that there 
were a few in operation which had given very satis- 
factory service. The real demand for synchronous 
motors, however, has come only since the interest in 
power factor improvement has been given thoughtful 
consideration. ; 
Mill-line drives may be divided into two groups, 
namely, the geared type, in which gear units with high 
or moderate speed motors are used, and the gearless 
type, in which the motors operate at the speed of the 
mill line or about 100 rev. per min. For the latter 
group, synchronous motors have been used principally 
on account of their lower cost and better performance as 
compared with induction motors, while those synchro- 
nous motors which have been used for gear drive were 
undoubtedly installed primarily for power factor pur- 
poses, since there is little advantage in efficiency or 
difference in costas compared with the induction motor. 
Rubber mill drives impose two severe conditions upon 
the motor equipment, first, a high starting torque when 
the mills are started with rubber in the rolls, and second, 
a quick stopping in case of accident or emergency. The 
risk and danger involved in the milling of rubber has 
been appreciated ever since the industry started, and 
these factors have always had an important bearing 
on the type of driving equipment used. In other words, 
the question of safety to employees has had, as it 
rightly should have had, preference over other factors 
in the layout of mill drives. A knowledge of these 
conditions explains why the wound-rotor induction 
motor, which has been most extensively used’ for mill 
drives, has in most cases been equipped with a clutch 
brake. From the standpoint of starting and running 
the clutch is unnecessary, as such motors have ample 
starting torque. However, since most of the stored 
energy of the system is in the rotor of the motor, it is 
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to show why synchronous motors without clutches may be used for 


the same application. 
. * * * * * 


not surprising to find that one of the first methods of 
obtaining quicker stopping was to disconnect the motor 
and then apply a brake on the remaining load. Al- 
though clutch brakes have been quite generally used, 
it has been found in many cases that it is the practise 
in starting to close the clutch first and then start the 
motor, thus using the clutch only as a safety feature 
and saving the wear which would be occasioned during 
starting to the clutch lining. 

In view of the established or common practise em- 
ployed in the installation of wound-rotor motors, it was 
to be expected that synchronous motors which had lower 
starting torque and,as a rule, more stored energy, would 
be equipped with similar clutch brakes, and that these 
would be used both during starting and stopping. 
Thus equipped, the synchronous motor should give 
service identical to that of the induction motor, since 
each may be designed for the same maximum torque, 
although the fact that the induction motor slows down 
considerably before reaching its maximum torque may 
sometimes give sufficient warning to prevent its pulling 
out and stalling. Many of the early installations of 
synchronous motors were of the gearless type, and since 
motors as slow as this have a low starting torque, the 
clutches were undoubtedly needed to obtain a starting 
torque comparable with that developed by the wound- 
rotor motors. Synchronous motors used with gear 
units have much higher starting torque but the question 
is just how much torque is required to start a mill line. 


Under normal conditions the mills are started empty, ° 
since the rubber is always removed before shutting down 
at the end of each shift. The torque required to start 
an empty mill line is so low that it may be entirely 
neglected. If the mill line is shut down by accidentally 
pulling the safety switch or by loss of voltage, the torque 
required to start the mills will depend upon the condi- 
tion of the rubber in the mills at that time, and that 
may take from 50 per cent to 150 per cent of full-load 
torque. If the motor is shut down due to pulling out 
or the opening of the overload relay, which is usually set 
at about 200 per cent load, it is evident that if the motor 
cannot carry the load at synchronous speed, it cannot 
start it from rest, and one must resort to other means 
in order to reduce the load. The most usual method 
is to reverse the motor, thus backing up the rubber in 
the mills. Depending on conditions, the rubber may 
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either be removed if very stiff and cold, or, after again 


_ starting the motor in the normal direction, the rubber 


may be forced through the rolls, since by this method 
the motor gets a start before the rubber enters the 
wedge of the rolls. Experience has proven that with a 
motor of correct capacity for a given mill line the shut 
downs with loaded mills are not numerous, and conse- 
quently the question of starting torque should not un- 


duly affect the rating or design of the motor. 


Synchronous motors designed to operate at 80 per cent 
power factor and at a speed of about 600 rev. per min., 
which is commonly used for geared drive, have a starting 
torque on full voltage varying from about 1.5 times full 
load torque for motors of 100 h.p. up to about 2.5 
times full load torque for motors of 400 or 500 h. p. 
capacity. When started on the 80 per cent voltage 
tap of the starting transformer a torque varying from 
1.0 to 1.5 times full load torque will actually be obtained, 
and although this is not as high as could be obtained 
by a wound-rotor motor or by a clutch, it has been 
found sufficient to meet all requirements. 

As long as a clutch was thought necessary to obtain 
sufficient starting torque, the simplest, and probably the 
cheapest, method of obtaining safety stopping was by 
means of a brake on the mill side of the clutch. The 
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elimination of the clutch gave opportunity for other 
methods of braking, and electrical engineers naturally 
considered first the possibilities of electrical systems. 
Tests conducted a number of years ago on synchronous 
motors proved conclusively that very quick and uni- 
form stopping could be accomplished by disconnecting 
the motor armature from the a-c. supply, and con- 
necting it to a resistance. of suitable value, while the 
field circuit of the motor is left energized at its normal 
full load value. Although the above facts and princi- 
ples were known many years ago, it is only during the 
last two or three years that practical application has 
been made of them in the rubber industry, and to the 
best of the author’s knowledge, no other industry has 
attempted a similar application. 

Fig. 1 shows a characteristic layout of two 60 in. 
mills, which, in this case, are driven by a 200-h. p., 80 
per cent power factor, synchronous motor, three-phase, 
440-volt, 60-cycle, 600 rev. per min. This motor 1s 
connected to the gear unit by means of a flexible coup- 
ling and when delivering 200 b. h. p. will have a leading 
reactive component of 124 kv-a., while a wound-rotor 
induction motor of similar rating would have a lagging 
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reactive component of 106 kv-a. Consequently the 
replacement of an induction motor by a synchronous 
motor in this case effects a reduction of 124 plus 106 
or 230 reactive kv-a. in the total plant load. 

The details of a control equipment for a synchronous 
motor with dynamic braking will vary considerably 
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Fig. 2—Scuematic Diagram or SyncHronous Moror 
Contro, SHowine StartTinc Panet, Dynamic BRAKING 
PANEL AND REVERSING SwITcH 


with the size and voltage of the motor, also with the 
desires of the rubber company, but the fundamentals 
are the same in all cases. For instance, one company 
may desire the simplest type of manual starter while 
another desires a full automatic starter in order to in- 
stall it in some remote location. Consequently the 


Fic. 3—Graviry OprratEep DyNamic BRAKING CONTACTOR 
with REVERSING KNIFE SWITCH 


dynamic braking contactor has been designed as a 
separate unit which may be used with any type of 
starting equipment. Fig. 2isa schematic or simplified 
diagram of the control in which the motor starter may 
be either manual or automatic. The three-pole, 
double-throw, dynamic braking contactor is really the 
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heart of the system, for the stopping of the mills in case 
of emergency is entirely dependent on this and is inde- 
pendent of the rest of the control. As seen from the 
diagram, also from the photograph of this contactor 
in Fig. 3, the upper contacts open the circuit to the 
motor in series with those of the main controller thus 
introducing a double break and insuring opening the 
circuit even though the main circuit breaker or con- 
tactor does not open. The safety switches, of which 
there is at least one for each mill, are connected in series 
and upon the opening of any of these, the circuit is 
opened to the low-voltage release coil of the starter 


Fies. 4 anp 5—INSTALLATION oF a 200 H.P. SyncHRONOUS 
Moror wirtra Dynamic BrakING ContTroLt Driving Two 
60-1n. Mitus 


and to the upper magnet coil of the dynamic braking 
contactor. Upon the opening of this circuit the upper 
contacts open and the lower contacts are instantly 
closed by the action of gravity aided by the spring pres- 
sure of the upper contacts. The closing of these lower 
contacts connects the motor armature to the dynamic 
braking resistance, and since the field circuit has not 
been opened, the voltage generated produces a current, 
the value of which may be regulated by the value of 
resistance used. The voltage generated during brak- 
ing is also utilized to energize the lower magnet and hold 
the lower contacts firmly together until the motor stops. 


DRAKE: SYNCHRONOUS MOTOR DRIVE 


Journal A. J. E. E. 


The two-pole double-throw knife switch located below 
the three-pole contactor is used to reverse the direction 
of rotation of the motor when necessary and this-switch 
is intended to be opened only when the motor is shut 
down. To provide against opening power current on 
this switch auxiliary contacts are provided which open 
the main circuit breaker or contacto~ of the starting 
equipment, also the dynamic braking contactor before 
the knife blades leave the jaws. Fig. 4 and 5 show 
installation views of a 200-h. p. synchronous motor 
mill line drive as shown diagrammatically in Fig. 1, 
together with the starting equipment. The starter 
is of the manual type panel-mounted consisting of a 
double-throw oil immersed starting switch with sepa- 
rate mounting auto-transformers, the dynamic brak- 
ing contactor, reversing knife switch and braking 
resistance are mounted in the cabinet at the rear of 
the starting panel. 

To obtain the maximum possible safety on a rubber 
mill drive, the dynamic braking control should: 

1. Operate by gravity and not depend upon closing 
a contactor electrically. 


440 Volt, 60 Cycle Control 


“a . 
Armature Current ,b A 
Armature Voltage VV | 
VV 
Pres 6 


2. Operate at high speed, in order to obtain as short 
a stop as possible. The special contactors developed 
for this work operate upon failure of the control circuit 
by any cause and, due to the method of construction 
used, a very high speed is obtained. Tests upon a 500- 
ampere contactor show a total time from the opening 
of the control circuit of the upper magnet coil to the clos- 
ing of the lower contacts of about 1/20 of a second. 
High speed at this point is of great importance, for until 
the lower contacts are made, the rubber mills are travel- 
ing at full speed. The average speed of the front roll 
in the present case was about 100 ft. per min. or 20 in. 
per sec., so that the roll travel from the opening of the 
safety switch to the close of the dynamic braking cur- 
cuit of the motor would be about one inch. 

A committee of the National Safety Council has been 
gathering data regarding the stopping distances of mill 
lines with a view of eventually preparing a safety code 
for rubber mills. No conclusions have as yet been 
reached but the Department of Labor of the State of 
New Jersey, in a tentative code, has decided upon 18 in. 
as a maximum travel for group-driven mills with roll 
diameters from 16 to 24 in. The travel is to be meas- 
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ured with the mills empty on the surface of the front 
roll by means of an electrical device which operates 
when the safety switch circuit is broken. This method 
of measuring the travel, although it gives the results 
desired by the safety engineers and the rubber engi- 
neers, does not allow the electrical engineer to analyze 
the entire operation. Consequently, oscillograph 
records have been taken using three elements and a 
characteristic film is reproduced in Fig. 6. The upper 
element indicates the current through the safety switch, 
the center element the current in the motor armature 
and the lower one the voltage at the motor terminals. 
At point a the safety switch opened, while the motor 
current was not interrupted until point b was reached. 
The small gap between 6 and c represents the time re- 
quired by the contactor passing from the upper to the 
lower position. The distance from ¢ to d indicates the 
time for the motor to stop after the braking current is 
completed, and by counting the number of cycles, it is 
possible to determine just how many revolutions the 
motor made. For instance, in this case there are 16 
cycles, and since the motor has 12 poles or six cycles 
per revolution, the total number of revolutions is 
16/6 or 224 revolutions. On the mill line under con- 
sideration the ratio between the motor speed and 
the roll travel is approximately 600 rev. per min., 
to 100 ft. per min., or 10 revolutions equal 20 in. 
travel. Consequently 224 revolutions represents about 
514 inch travel, to which it is necessary to add 
about one inch for travel during the operation of the con- 
troller, making a total travel of approximately 61 in. 
The time required for the motor to stop can be ajdusted 
to the maximum torque obtainable by adjusting the 
braking resistance. Probably the limiting condition 
in all cases will be the gears and mechanical parts of the 
mill drive, since the stresses in the motor when stopping 
in the minimum distance are not greater than those 
obtained when the motor is pulled out of step, due to 
overload. Asaroll travel of about 10in. with millsempty, 
is considered amply safe by motor engineers on mills 
of large diameter, there is little need of subjecting the 
equipment to unnecessary strain, and especially since 
every safety device should be operated and checked at 
least once a day to see that it is in satisfactory operating 
condition. 

When stopping in a given distance, the dynamic 
braking will always be easier on the equipment than 
mechanical braking, since the torque developed in the 
motor is transmitted to the revolving field through the 
flexible medium of a magnetic field as compared with 
brake lining and mechanical friction in the latter case. 
Tests have also shown that the current values in the pri- 
mary winding, when braking, are materially less than 
when starting under average conditions, so that as far 
as the motor is concerned, if it is of sufficient capacity 
to start and operate the mill line satisfactorily, those 
functions will be more severe than those encountered 
in stopping by dynamic braking. 
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THEORY AND PERFORMANCE OF 
RECTIFIERS 


The Bureau of Standards recently completed a 
study of the performance of rectifiers of the type used for 
charging storage batteries, and the results are now 
available in Technologic Paper, No. 265, copies of 
which may be obtained from the Superintendent of 
Documents at Washington, D. C. 

The demand for small rectifiers has increased greatly 
during recent years, owing to the large number of small 
storage batteries employed in connection with radio 
sets, etc., and because of the growing practise of charg- 
ing larger batteries at low rates, this practise being 
known as “trickle charging.” 

The purpose_ of the Bureau’s investigation was to 
obtain data on the performance of the most common 
types of rectifiers on the market, and to explain the 
principles underlying their operation. 

Because of the adaptability of the electrolytic 
rectifier to the study of the underlying principles of 
rectification, and also because this type possesses many 
possibilities for usefulness, a considerable portion of the 
work was carried out on this type, but magnetic, and 
ionized-gas-bulb rectifiers were also studied. 

The effects of various factors upon the wave-form 
and degree of rectification were investigated by means 
of the oscillograph. It was found that the aluminum 
type of electrolytic rectifier, when properly used, is 
satisfactory at low rates of charging, such as are re- 
quired for radio “‘B” batteries, but its life is short. 
The tantalum rectifier, which is capable of carrying 
higher currents, is more resistent to the action of the 
electrolyte, and therefore has a longer life. 

The degree of rectification to be expected under 
different conditions of line and battery voltage, effect 
of temperature, and character of circuit are discussed. 

Special characteristics to be considered in connection 
with vibrating and thermionic rectifiers are pointed 
out, and a set of conventional curves is given which may 
represent the performance of any rectifier, regardless of 
its type. The effect of various factors upon rectifi- 
cation is demonstrated by means of numerous oscillo- 
grams and diagrams, as well as performance curves. 


NIAGARA FALLS TO BE PERMANENTLY 
LIGHTED 


According to a recent announcement permanent 
‘Jlumination is to be provided for Niagara Falls from a 
battery of twenty-four powerful search lamps which 
will cast 1,320,000,000 candle power. May 24th is the 
date set for the completion of the installation and a 
celebration is being planned by the Niagara Falls 
Chamber of Commerce for this occasion when this 
powerful battery of search lamps will be turned on for 


the first time. 


Use of Frequency Changers For Interconnection 
of Power Systems 
BY H. R. WOODROW! 


Fellow, A. I. E. E. 


OLLOWING an extensive study into the cost of 
in power as delivered to the customer, the Brooklyn 
Edison Company adopted the policy of supplying 
all the increase in business at 60-cycle alternating-cur- 
rent and curtailing the direct-current load within the 
capacity of the existing substations. With the 25- 
cycle generation confined primarily to the supply of 
power to the direct-current system all new prime movers 
are being installed with 60-cycle generators. The 25- 
cycle system is therefore left in a position of barely 
holding its own. 

The new 60-cycle developments being considerably 
more economical than the old 25-cycle, there is a large 
economy factor in carrying the maximum amount of 
the combined system load on the 60-cycle generators. 
The installation of frequency changers between the 25- 
and 60-cycle systems made it possible to carry the base 
load of the 25-cycle system on the new 60-cycle develop- 
ments and in addition thereto made it possible to pool 


non 

E 50,000 Total 

= 40,000 Z Load Available to Hudson Ave. 
with Two Frequency Chargers _ 


‘Available to [Hudson Ave] 
with] One Frequency cole 


J 
4000 5000 7000 8000 8760 


HOURS DURATION 


° 1000 ~~ 2000 3000 6000 


Fig. 1—Loap-DuraTIon CurRVE or 25-Cycie SystEM 


the reverses on the two systems thereby giving greater 
utilization and availability of the generating capacity. 

In Fig. 1 is shown the load-duration curve of the 25- 
cycle system with amount of load convertible to the 60- 
cycle prime movers by the installation of first, one 
35,000-kv-a. frequency changer; and second, two 
35,000-kv-a. frequency changers. The area in the first 
block represents 160,000,000 kw-hr. per year with a unit 
cost saving, which for this feature alone, more than 
pays for the carrying charges and losses of the first 
frequency changer installation. 

The 25-cycle generating capacity amounts to 125,000 
kw. with a possible peak load of 85,000 kw. and in 
addition there is available 15,000 to 20,000 kw. in 
25-cycle tie capacity with other companies. The 
installation of the first frequency changer added 30,000 
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kw. in reserve generating capacity to the 60-cycle sys- 
tem, and the second unit would add an additional 
25,000 to 30,000 kw. This 50,000 to 60,000 kw. of 
reserve made available to the 60-cycle system is of con- 
siderable value with the new 60-cycle generating 
developments using 50,000-kw. units. This feature 
alone can easily be said to more than justify the cost 
of the first frequency changers since the completed 
installation costs less than $20.00 per kw. while genera- 
ting station capacity costs upwards of $100.00 per kw., 
and there was a deficit in 60-cycle generating capacity 
in 1923. 

The frequency changers are of additional value in 
providing reserve to the 25-cycle plant for a case of 
unusually bad luck of machine outages in the station. 

The metropolitan companies have for a number of 
years followed the policy of operating at all times with 
sufficient generating capacity to be capable of carrying 
the load should the largest generator be dropped from 
the system. It is, therefore, evident that the con- 
tinuous parallel operation of the 25- and 60-cycle plants 
saves the operation of one turbo-generator unit. This 
permits an economical loading on the units and espe- 
cially at light load period effects a real saving in pro- 
duction cost. 

The installation of the second frequency changer 
would make it possible to shut down the 25-cycle station 
for one watch or nearly 3000 hours a year. 


The interconnection of systems through frequency 
changers is of the same general character with similar 
problems and possible economies as inter-connection of 
systems through tie lines. The total savings under 
either condition run into large figures if all concerned 
cooperate in the operation of the more economical 
units for base load and shut down the plants and units 
of less efficiency for use only on peak. 


Where two or more companies are concerned in the 
interconnection, the rate for interchanged power com- 
plicates the situation, and it is essential than an equi- 
table rate be established in order to allow operation for 
maximum economy. 


It may be unnecessary to say that the only way to 
use interconnecting tie lines for obtaining the maximum 
overall economies is to operate at all times with the 
systems in parallel. This allows full advantage to be 
taken of the three separate points previously mentioned, 
namely: 

1. Greatest utilization of the most economical plants 
and units. 


2. Maxumum availability of spare capacity. 
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3. Reduction in number and amount of idle or 


lightly loaded turbo-generator units at all times. - to another system B, there is necessarily brought about 
The parallel operation of large systems through a reduction in the speed of system A to give the 

frequency changers or tie lines necessitates that these phase-angle displacement for transfer of power. It 

ties have the proper characteristics to hold the systems therefore follows, that at the instant when the phase- 

in step for the major number of operating disturbances. 

It may not be possible, or even desirable, to hold the 


When a sudden load is thrown from one system A 


wo 
ao 


systems in step during all disturbances, but it must be a = 
rare case when they are allowed to fall out of step and 597 
provisions must be made for the systems to break apart Gio” | 60 Cycle to 25 Cyele soe 
through automatic oil cireuit breakers on these rare z” (425 Cycle to 60 Cycle 
occasions. Although the Brooklyn Edison Company oe 
a | it 
a5 10,000 20,000 30,000 40,000 50,000 
; OUTPUT IN KILOVOLT-AMPERES 
Fig. 4—Erriciency Curves,35,000-Kv-a. FREQUENCY CHANGER 


angle is reached for the transfer of this amount of power 
the speed of system A is lower than system B and 
overshoots the mark. For purely elastic systems, 
this would require a maximum power transfer of double 
this value when the oscillations are not accompanied 
by an impetus at each swing, such as caused by improper 
governor operation. Tie connections having a maxi- 
mum synchronizing capacity of double the permissible 
fluctuation of load should hold the systems in stable 
operation. Under usual conditions the load on each 


Fig. 2 system provides a dampening characteristic which makes 
the factor two a rather safe figure to use. 
had a number of smaller frequency changers in opera- The largest generator on the 25-cycle system of the 


tion, converting from 25- to 6214-cycles they were dis- Brooklyn Edison Company is 30,000 kw. and therefore, 
carded for the larger more efficient unit which would 
permit parallel operation. = 


ree, Tl 
The character of the normal fluctuations of load or 45,000 x 
disturbances is, therefore, the determining feature of 30,000 : 
ets 5 215,000 = Ss ~ 
the characteristics of the ties. The loads on both the gil a ; 
6 \mmanes 
25- and 60-cycle systems of the Brooklyn Edison Com- Se. 3 
pany are of a rather steady character and the maximum Aye ‘i 
45,000 isa pci set cea cll cal cal ST 
z Relays 10 AM “TT AM. DATE 1PM. 
Relay 10 to1C.T. = (Differential) (Over-current) 12 NOON 
a Running O.C.B. Fie. 5 
> 
Gold St. Bus 3 To 27600 Volt 
é ie F* 60 CycleBus . s is C 
‘AuSS-Transformer a a frequency changer having a pull-out point above 
paren 80-8. 60,000 kw. was chosen. The 35,000 kw. unit selected 


has a pull-out point of a little over 70,000 kw. and al- 
6 though a number of system disturbances have occurred 
Fic. 3—Retays ror Inpuction Type Motor SHOWN FOR Onr- while the systems were in parallel through this unit, the 
Passe ONLY, THE OTHER Two Puases BEING THE SAME two systems have never pulled apart. These disturb- 
ances have at times reduced the voltage and as the 

amount of load which can be thrown from one system synchronizing power is a function approaching the 
to the other may be considered as the capacity of the square of the line voltage, the synchronizing power at 
largest 25-cycle unit. This condition may occur were such times was reduced considerably below 70,000 kw. 
this unit to be automatically tripped from the system, In one case, a direct 3-phase short occurred on the 25- 
and, as previously stated, this operation is considered a cycle generating station bus with three generators and 
normal function in the metropolitan territory, and, the frequency changer operating, and although two of 
therefore, the two systems should remain in step under the turbine tripped off, the frequency changer and 
these conditions. the other generator held in and carried the entire load. 


25 Cycle Generator 


356 ‘ WEICHSEL: NEW ALTERNATING CURRENT MOTOR 


The fluctuation in load through the frequency changer 
very seldom reaches more than 5000 kilowatts, and in 
Fig. 2 is shown a typical record of a graphic kilowatt 
meter in this tie connection. 


A one line diagram showing the relay connections on 
this 35,000-kv-a. frequency changer is given in Fig. 3. 
The balanced and differential relays are for the pro- 
tection of the system and the frequency changer in case 
of short circuits within the machine. The overload 
relay is for the purpose of automatically tripping out the 
tie connecting oil circuit breaker in case the two systems 
fall out of step and the relay is set for sufficient current 
and time to accomplish this result without tripping out 
on momentary short circuits. 


The synchronous-synchronous type of frequency con- 
verter was selected as, for our purpose, it gave the 
following advantages: 


Greater flexibility in voltage control on either system. 
Elimination of voltage disturbances passing from 


one system to the other under short circuit conditions. 
With somewhat different operating conditions some 
engineers have felt the electrical tie is an asset under 
disturbance condition so that a voltage dip will be re- 
flected from one system to the other. 

Slightly higher guaranteed efficiency. 

The efficiency of the first 35,000-kv-a. unit exceeded 
the guarantees throughout the full range of operation 
with the results as shown on Fig. 4. 

‘Amortisseur windings are provided on the 60-cycle end 
for starting with quarter voltage tap on the transformer 
whereas the unit when started from the 25-cycle end is 
connected directly to a turbine with both units started 
from standstill. In Fig. 5 is shown the current, voltage 
and kilowatts at the time of starting the frequency 
changer from the 60-cycle end. The ease with which 
this machine comes up to full speed is rather remarkable 
and you will note in the curve at the various points the 
speed relations of the revolving field with the rotating 
armature flux as it passes the critical points. 


A New Alternating-Current General-Purpose 
Motor 


BY H. WEICHSEL' 


Fellow, A. I. E. E. 


Synopsis.—T he desirability of motors possessing the good charac- 
istics of induction motors and being capable of operating with leading 
power factor is pointed owt. A new machine is described which 
operates as self-excited synchronous motor under normal operating 
conditions. During the starting period and excess overloads, it has 
the characteristics of an induction motor with wound secondary. 
The machine has excellent starting and synchronizing torque with a 
small current draw. The electrical and mechanical phenomena, 


during the starting and synchronizing periods, are discussed. The 
size of the machine is nearly equal to that of a slip-ring induction 
motor of equal rating, and the full-load efficiency is approximately 
equal to that of a corresponding induction motor. It is shown that 
the overall efficiency of a plant, consisting of squirrel-cage motors 
and this new type of motor, is usually higher than that of an equiva- 
lent plant using induction motors only, correcting the power factor 
by idle running correcting devices. 


ROM the first days of the successful commercial 
t introduction of the polyphase a-c. system of distri- 
bution to comparatively recent days, only the 
following types of polyphase a-c. motors were in 
extensive use: 
a. The well-known squirrel-cage motor. 
b. The induction motor with wound secondary. 
c. The conventional form of synchronous motor. 
In the majority of installations, either the squirrel- 
cage or wound rotor type of induction motor is used. 
The power factor of these installations is usually very 
poor, especially when the installation contains a number 
of slow-speed machines. 
In the case of squirrel-cage motor installation, it is 
quite common practise to select the size of the motor 
according to the starting-torque requirements rather 
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than the running requirements. This results in over- 
motoring the plant and decreases the power factor still 
further. 

The serious operating difficulties and excess investment 
and operating costs resulting from poor power factor 
are fully known and will not be discussed in this paper. 

The conventional type of synchronous motor is free 
of the shortcoming of poor power factor, but it has the 
following objectionable features: 

a. The starting performance is poor. 

b. A separate d-c. excitation is required. 

c. Itis not suitable for very fluctuating loads, espe- 
cially if the peak loads materially exceed the normal 
ratings. 

In recent years the demand for a motor free of the 
shortcomings of the synchronous motor and those of the 
induction motor has grown more insistent. The cen- 
tral station industry is urgently demanding such a 
machine. 


The company with which the author is identified has 
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developed a new type of motor which fulfills the above 
This machine, the subject of 


mentioned requirements. 


the present paper, is known as the ‘“Fynn-Weichsel 
Motor.” . 


The outstanding characteristics of this new motor 


are as follows: 


1. It operates over the whole working range with 


Fic. 1—100-n. p., Ercut-Pown, 60-Cyrcin, THREE-PHASE 


Moror 


leading or unity power factor. Therefore, 


- factor of the induction motors. 


2. The starting characteristics are as excellent as 


_ those of an induction motor with wound secondary. 


3. It is able to operate at very heavy temporary 


overloads. 


4. It operates from no load to about 150 to 200 pre 


cent load as a synchronour motor. When loaded 
beyond this value, it continues as an induction motor. 


If the load is again decreased to about 150 to 200 per 


cent, it automatically returns to synchronous operation. 


Figs. 1, 2, and 3 show the general view and the stator | 


2 _Sravror or 100-n. p., E1cutT-PoLe, 60-CYCLE, 
TureE-PHasE Motor 


Fig. 


and rotor construction of a 100-h. p., 900-rev. per min. 
machine of this new type. The rotor is provided with 
slip-rings and a small commutator. It carries a small 
d-c. winding which is connected to the commutator and 
the main a-c. winding which is connected to the slip- 
rings. The stator is identical to a polyphase induction- 
motor stator. It is provided with two windings, F and 
A, as shown in Fig. 5c, 90 electrical degrees displaced 
from each other. 
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when 
operated in parallel with induction motors, the leading 
power factor of this motor counteracts the lagging power 


357 


The connection of the machine is given in Fig. 5c. 
The auxiliary winding, A, is closed over a resistance and 
the field winding, F’, is connected in series with the 
commutator brushes, and also in series with a resistance. 
The axis of the commutator brushes forms an angle less 
than 90 deg. with the axis of the F winding. 

During the starting period of the machine, the 
resistances in the A and F circuit are gradually de- 
creased and short-circuited in the running connection. 


At standstill, the voltage across the commutator 
brushes is very small in comparison with the voltage 
induced in the F winding. Therefore, the current flow, 
and consequently the torque of the machine, is barely 
influenced by the voltage due to the commuted winding. 
However, at higher speeds, this condition changes, as 
the voltage across the commutator is independent of 
the speed while the voltage induced in the F winding 
decreases with increasing speed, as shown in Fig. 7. 
The voltage induced in the F winding is given by the 
equation: 

No — Ne 
E so H oa 
No 
E, = voltage induced in the secondary when armature 
is at standstill. 


Fic. 3—Roror or 100 u. p., Eraut-Poun, 60-Cyrciu, THREE- 
Puase Motor 
E,, = voltage induced in the secondary when armature 


rotates with the speed 7... 
no = synchronous speed of the motor. 

Let EZ, be the constant voltage across the commutator 
brushes, then the total voltage in the F circuit is given 
by: 

No 


— Nz EB 
ea are 2 + Le 


0 


Ex = Ey 


Therefore, the current flowing at a given speed, 7, is 


given by: 
1 No — Ne 
t,<+[ (2) +8. | 
if No 


where r represents the resistance of the F circuit, the 
reactance being neglected. 

This equation shows that at higher speeds the current 
is materially larger when the commuted winding is in 
circuit than when the F winding is short-circuited over 
itself. But increased current at a given speed means 
imereased torque at this speed. This influence of the 
injected voltage becomes very marked when the arma- 
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ture rotates near synchronous speed. Therefore, the 
influence of this commutator voltage on the torque 
characteristics of the machine must increase very 
rapidly with the increasing speed of the armature; 7. ¢., 
with decreasing slip of the armature. This means that, 
for a given useful mechanical torque, the machine opera- 
ates at a higher speed when the commuted winding is 
connected in circuit than when the F' winding is short- 
circuited. This is, roughly speaking, the reason this 
type of machine has such excellent synchronizing 
characteristics’. 

In a standard induction motor, the torque produced 
by a phase of the secondary winding is, at any time, 
proportional to the product of the current in this wind- 
ing and a voltage of the same frequency as the current, 
the maximum value of this voltage being equal to that 
of the induced voltage at standstill. The phase rela- 
tion between the secondary current and this imaginary 


Starting Connections 


voltage is equal to that of the current in respect to the 
actual voltage induced in the secondary at the speed 
under consideration. 


This law is proved in Appendix 1 of the main article. 


If the secondary winding is of the two-phase type, 
then Fig. 8A represents the torque relations of the 
phase No. 1 and Fig. 8B represents the torque relations 
of phase No. 2, as derived by aid of the above law. The 
torque of phase No. 2 is 90 electrical degrees displaced 
from the torque due to phase No.1. When both phases 
have the same resistance, the torque values of both 
phases are alike. The summation of the torques, 7 — 1 
and T — 2, gives the resultant induction motor torque, 
which is a constant value as long as the resistance of 
both secondary phases are alike. 


If an additional e. m. f. is injected into phase No. 1: 
and this injected e. m. f. has the same frequency and 
same phase relation as the induced voltage No. 1-5-3-6-7 
in Fig. 8A, then an additional current, J — 3, flows in 

2. See paper presented before the Association of Iron and 
Steel Electrical Engineers, February 16, 1924, ‘“‘The Motor 
That Corrects Power Factor’? by H. Weichsel. 


WEICHSEL: NEW ALTERNATING CURRENT MOTOR 


Journal A. I. E. E. 


this circuit asa result of the injected e.m.f. See Fig. 
9a. This current produces a torque, 7’ — 3, which is 
superposed over the induction motor torque T-—1 
plus T— 2. (See Fig. 9c.) 

Knowing the speed torque of the machine as induction 
motor, Curves 1-2-3, Fig. 10, it is possible, from that 
which has been shown above, to derive the speed-torque 


8 


77 


~ 
o 


~ 
fo) 
fo) 


foal 
Oo 


> 
Oo 


: PER CENT, 

INDUCED VOLTAGE IN SECONDARY WINDING 
© 
ro) 


nN 
o 


0) | 10: ) 20730) 40, 501660) ee70! F80uroomN 100 
PER CENT SYNCHRONOUS SPEED 


7—Orren Crrcuit VoLTAGE IN SECONDARY WINDING 
AND Across COMMUTATOR 
o = Induced Voltage in Field at Standstill. 
1 = Induced Voltage in Secondary £. 


Fig. 
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et Torque of Secondary I; — Current in Secondary phase 


phase 1 2 


I; =Current in Secondary 


phase 1 


curve of the machine when operated ina connection as 
given in Fig. 5c. To obtain the torque of the new 
motor for a given speed, it is necessary to increase the 
induction-motor torque by the ratio: 


No — Ne 
al eagraee da 
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The torque curves obtained in this manner are Nos. 
4,5, and 6in Fig. 10. These show that the torques are 
materially increased when the motor operates near 
synchronism with only a small amount of resistance in 
the circuit. Curve 6 intersects the horizontal line at 
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Fig. 9 —A. TorquEes PRo- 
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Ts — Induction Motor Torque 


B. Toreurz PRODUCED BY 
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Current Winding A 
_ I2 — Induced Current in F Winding 
I3 — Injected Current in Secondary 
Winding F, by commutated 
Winding 
C. Torque Propucep py Winpincs A AND F 
T, +2 — Resultant Torque 7; + T:2 
T — Final Torque Acting to Produce Rotation 


OSU = i by Sa 


point A, which means that the machine used as an 
example can synchronize with a torque of 230 per cent. 
The additional torque given by the shaded area in Fig. 
10 varies with time, as shown in Fig. 11. The nearer 
the machine approaches synchronism, the larger the 
time between two torque maxima. 
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1—Operating as Induction Motor—no External Resistance in Circuit 
2—Sufficient Resistance to Give Maximum Starting Torque 
3—Resistance Necessary to Start 150 per cent. Torque 


If the load to be accelerated by the armature has a 
large amount of inertia, then the average available 
torque for acceleration lies half way between the in- 
duction-motor speed-torque, Curve No. 2, and the speed- 
torque, Curve No. 6 in Fig. 10. If, however, the load 
is mainly a friction load, then the available torque for 
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acceleration and synchronization is given by Curve 
No. 6. 

In the main article, it has been proven that when the 
brush axis forms an angle a with the field axis, the 
maximum of the additional torque, 7'— 3, follows the 
equation: 


A a 
K, sin’ (90 - —) 


This has been plotted in Curve 2, Fig. 18. 


Torque 


Torque 


Torque 
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Fig. 11—Toreve Dur To INsEcTED CURRENT As A FUNCTION 


or SLIP 
a. Five per cent. Slip —three ~ per Second in Secondary 
b. 2% percent. Slip —1% ~ per sec. in Secondary 
c. 1% per cent. Slip —0.75 ~ per sec. in Secondary 
d. 0 Slip —O ~ per sec. in Secondary 


The average torque available follows the equation: 
, COS a 
‘ 2 


and has been plotted in Curve 1, Fig. 18. 
Curve 1 is proportional to the synchronizing torque 


CosInE CURVE 
2. Sine? (90 pEG. — @/2) 


inte, ils}=—lhe 


when the load contains a large amount of inertia and 
Curve 2 represents the synchronizing torque when the 
load is a friction load. 

Fig. 15 is an oscillogram showing the starting con- 
ditions of a motor when the commuted winding is not 
connected in series with the F winding. In other words, 
when starting as a straight induction motor. 

Fig. 154 shows the machine starting under connec- 
tion according to Fig. 5c. This oscillogram shows that 
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the starting conditions of the new type of machine are as 
good as those of a standard slip-ring induction motor. 

Fig. 16 represents an oscillogram for the moment 
when the machine goes from induction-motor operation 
into synchronous operating with full load on the rotor. 

Summing up the main conclusions of the above dis- 
cussion, the following laws are obtained: 

1. The brush displacement from the field axis 
should be made zero or as small as possible in order to 
obtain good synchronizing characteristics. 


Fic. 15—10-H. p., Four-Potze, 60-Cyrciz, THrEeE-PHASE 
Motor Starting Furi Loap Toreut Using Carson PILE 
STARTER 


2. The inherent slip of the motor as induction 
machine should be made as small as is consistent with 
the general design of the machine. 

3. The magnitude of the injected current is a meas- 
ure of the synchronizing torque and the maximum 
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torque of the machine when operating as synchronous 
motor. 

If these rules are followed, the machine will synchro- 
nize smoothly and operate as synchronous motor under 
normal load conditions. When overloaded to 150 to 
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250 per cent, it is pulled out of step but continues to 
operate very satisfactorily as an induction motor. 

Under synchronous operation, a d-c. voltage appears 
across the commutator brushes for the same reasons as 
in a synchronous converter. As these brushes are con- 
nected with the field winding, F’, the machine is a self- 
excited synchronous motor. The charactersitics of 
the machine as a synchronous motor are influenced by 
the angle between the d-c. brush axis and the d-c. field 
axis. This subject has been treated fully in a 
paper by V. A. Fynn, presented before the Spring 
Convention of the A. I. E. E., April 7, 1924, Birming- 
ham, Alabama. 
INFLUENCE OF THE LEAKAGE FLUX ON THE D-C. 

VOLTAGE 

The a-c. armature winding produces some magnetic 
lines which are not interlinked with the stator winding, 
but which still are interlinked with the d-c. armature 
winding. The current distribution in the a-c. and d-e. 


Leakage Lines due to the 
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Fig. 19—INFLUENCE OF ARMATURE LEAKAGE FLUX ON THE 


Drrect-CURRENT VOLTAGE 


windings is given in Fig. 19, and from this figure it fol- 
lows that the leakage lines due to the a-c. winding pro- 
duce a voltage across the d-c. brushes proportional to: 
é. = k sin (7) 

This voltage can be negative or positive, depending 
upon the value of the angle r. 

The leakage lines produced by the d-c. winding react 
on the a-c. winding, but their influence is so small that 
it can usually be neglected. 


D-C. ARMATURE WINDING REACTION 


The relative position between d-c. and armature 
field windings remains fixed in space for all load con- 
ditions and the same current flows through both wind- 
ings. Therefore, the resultant d-c. field ampere-turns 
are the vectorial sum of the armature and stator fields 
ampere-turns. These resultant d-c. field ampere-turns 
combine with the total armature ampere-turns, A T Aa, 
so as to give the resultant ampere-turns, A 7 M >of 
the motor. 

From the vector diagram, it follows that A TOA. 
can be decomposed into A TA, and A T A;, the latter 
being equal and opposed to the armature d-c. ampere- 
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turns, A Tad. {This teaches the important fact that 
under all conditions the d-c. armature reaction ampere- 
turns are counterbalanced by equivalent armature a-c. 
ampere-turns. 


STATOR LEAKAGE LINES 


While these lines are in existance, they do not in- 
fluence the running operation of the machine as syn- 
chronous motor. 


COMMUTATION 
Two problems have to be considered: 
1. Commutation as far as sparking is concerned. 
2. The influence on the operation of the machine 
as caused by the currents flowing in the short-circuited 
coils undergoing commutation. 


Commutation as per A 
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Ampere-Turns in Short Circuit Coil...0 +% 0 —% 

If straight-line commutation takes place, then the 
currents undergoing commutation cannot produce any 
magnetic effect. If, however, the commutation cur- 
rents follow the law as given in Fig. 22c, a magnetizing 
effect, due to the commutating currents, will exist. 
The reasons for this are given in the main paper. Vec- 


Alternating Current Ampere-turns to Counterbalance 


Dicct Current Ampere-turns due to Short-circuited Coils) Direct Current Short-circuit Ampere-turns 
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93 E\rrFECT OF CURRENT IN CoILs 
COMMUTATION 
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torially, this has been shown in Fig. 23, where A 7. 
represents the ampere-turns due to the currents under- 
going commutation. In order to keep the total ampere- 
turns, A TM, of the machine constant, the ampere- 
turns, A T., must be counterbalanced by a component 
A T, of the a-c. ampere-turns. This results in bringing 
the alternating current more into phase with the im- 
pressed voltage. 
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Beside the magnetic effect, the current flowing in the 
short-circuited coils during commutation produces a 
certain amount of loss. This loss can be kept very low 
by properly selecting the voltage between segments. 
This loss has its maximum at no-load and decreases 
with increasing load, because the resultant ampere-turns 
A T M, of the machine nearly coincide with the brush 
axis at no-load and are practically at right angles with 
the brush axis at maximum synchronous-motor load. 


SPARKING 


It has been shown that the armature reaction of the 
d-c. winding is at all load conditions counterbalanced 
by the a-c. armature ampere-turns. Therefore, the 
d-c. armature reaction can produce no voltage in the 
short-circuited coil undergoing commutation. The 
machine acts in this respect very similar to a neutralized 
d-c. machine. _However, a voltage remains which 
is generated in the short-circuited coil by its movement 
in the main field of the machine. This voltage de- 
creases with increasing load, as has been explained 
above, and can always be kept so low that it cannot 
possibly disturb the commutation of the machine. 


Fic. 24—Comparison or AMPERE-TURN RELATIONS IN FYNN- 


WBICHSEL AND INpucTION Motors 


The third voltage, acting on the short-circuited coil, is 
produced by the leakage lines surrounding this coil 
when undergoing commutation. These relations are 
identical to those in a standard d-c. machine. 


LOSSES IN FYNN WEICHSEL MoToR 
The same kind of losses which exist in standard in- 
duction motors exist also in this new type of machine, 
but the new machine has an additional loss due to the 
commutator. 


COPPER LOSSES 


In Fig. 24, 0-2-1 represents a vector diagram of 
the new machine and 0-3-1 the diagram of the same 
machine when operating as induction motor. The 


ratio gives the ratio of the primary ampere-turns, 


D 


A 
and the ratio Zu gives the ratio of the d-c. ampere- 


turns when machine operates as synchronous motor to 
the secondary ampere-turns when machine operates as 
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C 
As long as ratio D 


induction motor. remains ap- 
proximately at unity, the copper losses of the new ma- 
chine are approximately equal to the copper losses of 
an induction motor, provided the copper section and 
mean-turn length are kept the same. 


A 
The ratio—;- is usually somewhat larger than 


B 


unity, but due to the fact that the d-c. field winding in 
the new type of motor can readily be built with shorter 


100 


80 


60 — : - 


PER CENT 
= i 


0 25 50 75 100 125 150 
PER CENT LOAD 


Fig. 26—Erricrenciss or 30-H. p., E1gut-Poun, 60-Cycie, 

TureE-PHasp Morors 
1. Fynn-Weichsel 2. Squirrel-Cage 3. Slip Ring 
mean-turn length and more copper section per slot than 
the secondary winding of an induction motor, it follows 
that the d-c. copper loss will not be materially larger 
than the secondary loss of the same machine when built 
as induction motor. 

In Appendix 2 of the main article, it is proven that 
the d-c. ampere turns, A, under otherwise equal con- 
ditions, produce the same copper loss as polyphase am- 
pere turns capable of producing the same magnetic 
effect. 
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TRON LOSSES 
The iron losses in the new machine take place in the 
rotor, and as this member contains less iron than the 
stator, it follows that these losses will be less than those 
in an induction motor. 


COMMUTATOR LOSSES 
The friction loss due to commutator can be considered 
as approximately counterbalanced by the gain of the 
iron losses. 
The commutating losses due to the current under- 
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going commutation can be held very low by properly 
selecting the voltage between segments. 
STRAY LOSSES 


As the distribution of the primary and secondary 
ampere turns in the Fynn-Weichsel motor is identical 


f Fynn-Weichsel Motors 
Replacing Induction Motors 
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to that of a standard induction motor, it follows that 
the stray losses in both machines must be the same. 
From the foregoing, it follows that at full load the 
losses in the new machine must be approximately equal 
to those of an equivalent induction motor. A further 
study of the relation shows that there is a tendency for 
the losses in the Fynn-Weichsel motor to be slightly 
heavier at fractional loads and slightly lighter at over- 
loads than in a standard induction motor. The correct- 
ness of this reasoning is borne out by actual tests. 
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| Fig. 26 gives the comparative efficiencies of a Fynn- 

Weichsel motor, a squirrel-cage motor, and a slip-ring 

motor, rated 30 h. p., 900 rev. per min. 

Py Fig. 28 gives the complete performance of a 75 h. p., 

_ six-pole, and a 15h. p., four-pole Fynn-Weichsel motor. 
A detailed discussion of the operating characteristics 
of this new type of machine under normal and abnormal 
line and motor conditions will he found in the Proceed- 
ings of the Iron and Steel Electrical Engineers of April, 
1924, and also in a paper presented before the Franklin 

~ Institute on October 30, 1924, by H. Weichsel. 


SIZE OF MOTOR 


The losses in the Fynn-Weichsel motor as well as 
the distribution of primary and secondary ampere-turns 
are about the same as in a standard induction motor 
with wound secondary, as has been shown in the pre- 
ceding. From this follows that the size of this new 
machine must be the same as for standard slip-ring 
induction motors. 


APPLICATION OF THE MOTOR 


When this new machine operates with leading power 
factor, it counterbalances the lagging magnetizing cur- 
rent of induction motors operating on the same circuil, 
and by properly selecting the ratio of the capacity of 
the new motors to the capacity of the induction motors 
in a given installation, it is possible to obtain any de- 
sired power factor over the whole working range of the 
installation. 

In Appendix 3 of the main article, it is proven that 
for equal overall efficiency of an installation, once 
operated by induction motors only with idle running 
phase-converting devices connected in parallel and once 
operated by using a combination of squirrel-cage and 
Fynn-Weichsel motors so as to obtain the same power 
factor, the efficiency of the Fynn-Weichsel motors could 


BORDEN: ELECTRICAL MEASUREMENT OF PHYSICAL VALUES 363 


be quite materially below that of corresponding squirrel- 
cage motors. It has been shown above, however, that 
the actual difference between the efficiencies of these 
machines is not very pronounced. 

The allowable decrease in efficiency of the new type 
of motor over the standard induction motors is given 
in Fig. 37. From these curves it is seen, for instance, 
that a Fynn-Weichsel motor with a power factor of 80 
per cent and an initial power factor of the installation 
of 60 per cent can have 6.9 per cent lower efficiency than 
corresponding squirrel-cage motors and still maintain 
the same overall efficiency of the installation which 
exists when the installation consists of squirrel-cage 
motors only and has its power factor corrected by an 
idle running correcting device which requires 4 per cent 
loss. 

A large number of actual installations are in operation 
where these new machines are used for driving ice 
machines, compressors, machine shops, and wire draw- 
ing machines, and many other machines found in a 
variety of industries. 

An installation in a marble polishing factory is of 
particular interest, as in this case the Fynn-Weichsel 
motors have to accelerate and operate large cast iron 
tables which contain an enormous amount of inertia. 

In another installation, the Fynn-Weichsel motors 
drive grinding wheels. In this case the load varies 
greatly and frequently the motors are temporarily 
loaded beyond their synchronous motor capacity. 
During this load condition the machines operate as 
induction motors until the load is eased up to about 150 
to 200 per cent of normal, when they return to their 
synchronous operation. A typical power factor and 
load curve of this installation is given in Fig. 39. 
A number of photographs of actual installation are given 
in the main article. 


Electrical Measurement of Physical Values 
The Determination by Electrical and Magnetic Means of 
Quantities not in Themselves of an Electrical Nature 

BY PERRY A. BORDEN! | 
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HIS paper was prepared under instructions from 
bee Committee on Instruments and Measurements, 
with a view to forming a basis for the Committee’s 
work in connection with electrical measurements as 
applied outside of the strictly electrical field. The 
system of classification used is in accordance with the 
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nature of the quantity under measurement, rather than 
with the principle involved; and the subject is treated 
under nine headings. 
MEASUREMENT OF TEMPERATURE 

There are recognized two principal methods of 
electrically measuring temperature; the thermo-electric 
circuit, and the effect of temperature upon the resist- 
ance of many conducting materials. Outlines are given 
of the elementary applications of these, and a number of 
practical instruments embodying one or the other of 
the principles are described. Reference is made to 
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several types of calorimeters embodying electrical 
methods of temperature measurement, and to hy- 
grometers or humidity meters, in which the principle of 
the thermocouple has been applied. A brief descrip- 
tion is also given of the optical pyrometer. 

Measurement of Stress, Strain or Small Changes in 
Physical Dimensions: General reference is made to the 
changes which take place in both the electrical and 
magnetic characteristics of materials when exposed to 
mechanical stresses, with particular attention given to 
resistance effects. Several applications of the carbon 
pile in strain determination are mentioned. Recent 
developments in the use of the piezo-electric effect of 
certain crystals are described; and the use of the ther- 
mionic tube and its associated circuits for measuring 
very small dimensional changes is briefly treated. A 
description of the hot-wire micrometer is given, and 
a note on the Haigh alternating stress-testing machine. 
The use of both inductive and resistance circuits in 
conjunction with the oscillograph for study of vibra- 
tions is described: and a reference made to the use of 
electrical principles in the manometer and engine 
indicator. 


MEASUREMENT OF FLOW 


Flow meters are described, making use of the elec- 
trical conductivity, the heat capacity and the velocity- 
head of the fluid under investigation. Prof. Allen’s 
salt-water-velocity method of determining speed of 
flow in penstocks and conduits is treated. Descrip- 
tions are given of a number of flow meters, both for 
gases and liquids, in which the principle of cooling of a 
heated conductor is employed, and reference is made to 
experiments which have been carried out with a view 
to establishing a definite relationship between the 
electrical resistance of an electrolyte and its linear 
velocity past electrodes. Electrical methods of meas- 
uring and recording the pressure head due to velocity 
in a pipe are found in the ‘‘Republic’”’ and the General 
Electric flow meters, both of which are briefly described. 
Mention is made of a recently developed method of 
plotting stream-flow diagrams, by reproducing the 
physical conditions by an electrical system and locating 
equipotential lines with an alternating current 
potentiometer. 


MEASUREMENT OF VELOCITIES 

The stroboscopic methods of measuring velocities, 
while not fundamentally electrical, are so closely 
associated with electrical practice as to receive consider- 
able attention, and the “oscilloscope” for visualizing 
reciprocating motions is touched upon. The magnetic 
tachometer and the squirrel-cage speed-indicator are 
mentioned, as well as the ordinary electrical speed 
indicators, wherein measurement is made upon. the 
current of a small generator driven by the shaft under 
measurement. ‘The condenser method of determining 
linear velocities, and the several inductive methods 
used in ballistics are treated. 
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MEASUREMENT OF WORK 


No fine distinction is made between work force and 
energy: and the standard methods of measuring elec- 
trical energy with the wattmeter are omitted, as being 
outside the scope of the paper. Six types of electrical 
transmission and absorption dynamometers are de- 
scribed, and a reference made to recent tests, in which the 
characteristics of a steam locomotive were determined 
by causing it to pull an electric locomotive, measure- 
ment being performed upon the regenerated current of 
the latter. The Gilson device for determining over-all 
efficiency ef a power plant, by balancing in an instru- 
ment two electrical forces, one representing the fuel 
input, and the other the electrical output is briefly 
treated. 

THE MEASUREMENT OF RADIANT ENERGY 


Many measurements of radiant energy are made by 
determining the heat generated when that energy 
impinges upon a surface; and these would strictly 
come under the head of temperature ,measurement. 
It is realized that it is difficult to apply the term “‘‘non- 
electrical” or “non-magnetic” to any radiant phenom- 
enon: and this section of the paper confines itself to a 
bare mention of a number of the best known photo- 
electric cells, used principally in photometry and 
closely allied work. 


CHEMICAL MEASUREMENT 


The electrical determination of concentration of the 
hydrogen ion is treated in some detail. The various 
electrical and magnetic methods of studying and treat- 
ing the ferrous metals are described, with particular 
reference to the “hump’’ method of steel treating. 
The application of the cooling properties of various 
gases upon heated wices, is mentioned, and descriptions 
are given of the CO, and CO recorders. Note is made 
of the firedamp detector, and the dionic water tester. 


NAVIGATIONAL MEASUREMENTS 


Coupled with measurements used in navigation are 
found those used in the detection of hidden conditions, 
such as the locating of ore bodies and water pockets. 
The mariner’s compass is given as the oldest application 
of magnetic principles to physical measurements, and 
mention is made of the very recent application of the 
earth-inductor both as a compass and as an incli- 
mometer. Special attention is given to those electrical 
aids to navigation developed under the stimulus of the 
great war, including the leader cable, radio direction- 
finding and methods for locating mines, submarines and 
icebergs, as well as sound-ranging and acoustic methods 
of measuring ocean depths. 

Among the devices for detecting unseen conditions are 
mentioned the water-vapour detector, the magnetic 
method of locating flaws in steel, and systems which 
have been employed in the detection of theft or of the 
presence of unauthorized persons in certain places. 
A number of methods, more or less sound, for locating 
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ore, oil or water deposits, are described in some detail, 
and under the same head are mentioned such devices 
as egg testers and sex detectors. 


PHYSIOLOGICAL MEASUREMENTS 


Attention is called to the rapid advances which have 
lately been made in the application of electrical meas- 
urements to the diagnosis of pathological conditions. 
The method of diagnosing disease by the so-called 
“method of electronic reactions” is dismissed as not 
meriting the attention of electrical men until its 
proponents are prepared to submit a description 
couched in intelligible terms. Note is made of the 
value of electrical measurements of temperature in 
diagnostic work: and the electro-cardiograph is treated 
fully, both in its application to actual studies of heart 
performance and in the investigation of psychological 
conditions. Brief descriptions are given of the “‘Stetho- 
phone” and the “‘Audiometer,’’ both of which seem 
destined to fill an important place in diagnosis and 
medical investigations in general. 
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In conclusion it is pointed out that the art of apply- 
ing electrical methods of measurement to work outside 
of the electrical field is advancing so rapidly as to make 
it practically impossible that one could keep absolutely 
up-to-date in his knowledge of all the branches. 
The general effect is one of bringing together technicians 
in varied branches of scientific pursuit and _ finding 
for them a common ground of thought. Wide and 
diversified as are the practices of measurement in 
these branches, it is felt that the Institute forms the 
natural clearing house for such information; and it is to 
be hoped now that the ground is fairly well cleared, 
that the Committee on Instruments and Measurements 
will be kept cognizant of as many as possible of the new 
developments which will be made in the application of 
electrical principles to the measurement of non-electrical 
quantities. 

Acknowledgment is made of the valuable help which 
has been rendered the author by men both within and 
without the electrical sphere; and a bibliography of 
some 250 references is appended. 


Mechanical Stresses in Busbar Supports 
| During Short Circuits 
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HE design of busbar layouts calls for the deter- 
mination of the stresses occurring in the bus 
supports during short circuits, because the stresses 

in question may become sufficiently large to weaken, or 
even rupture, the supports. Moreover, an under- 
standing of the factors affecting the stresses will often 
permit the designer to modify the layout so as to re- 
duce the stresses, and thus save material or prevent 
failure. Hence investigations have been directed to- 
wards the calculation of support stresses due to elec- 
tromagnetic forces caused by short-circuit currents in 
busbar structures. 

The electromagnetic force, as considered within the 
scope of this paper, is the mechanical push or pull which 
is caused by the short-circuit current and its magnetic 
field, and which is exerted on the busbars; 7. é., it is 
the force tending to displace the busbars from their 
normal position. 

The support stress is the mechanical reaction of 
the support, the reaction being due to the elastic 
restoring forces set up in the support when deflected; 
i. e., the tendency of the support to push back towards 
its position of zero deflection insofar as the tendency is 
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caused entirely by the resilience stored in the support 
Hence the stress in a support is a direct measure of its 
approach to failure. For an elastic support, deflected 
within its elastic limit, the stress is proportional to the 
deflection regardless of whether the support is at rest or 
in motion. 

The electromagnetic force has been the subject of 
investigations in the past not only for the case of bus- 
bars but also for transformers, current limiting reactors, 
and disconnecting switches. In the case of busbars, 
as well as in some of the other cases mentioned, the 
stresses resulting from the action of the forces applied 
are very materially affected by the mechanical vibra- 
tions produced. The vibrations of the busbar for 
example have been carefully analyzed by Biermannst 
who showed that a busbar rigidly supported could be 
considered as a single-element vibratory system simi- 
lar to a system comprising a mass suspended from an 
elastic spring. In the customary busbar structures, 
however, the supports also are appreciably resilient, 
so that the busbar-insulator structure must be re- 
garded as a system having two vibratory elements 
joined together, 7. @., a composite structure resembling, 
for instance, the system comprising a turbine rotor 
keyed to a flexible shaft, the shaft bearings being at- 
tached to an elastic base. 

Hence, the determination of short-circuit stresses in 
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busbar supports mvolves a study of the transient vi- 
brations occurring in the busbar structure which is 
essentially a damped mechanical system composed of 
two vibratory elements and having two interrelated 
natural frequencies, the system being impelled during 
short circuits by a decreasing electromagnetic force 
having a unidirectional component and two harmonic 
components, one at current frequency and another at 
twice the current frequency. The electromagnetic 
force upon the busbar itself is given by a well-known 
formula, given in equation (10), involving only the cur- 
rent magnitude, the conductor spacing, and the length 
of busbar span. This force, however, acts upon the 
busbar rather than on the insulator, and the insulator 
is stressed only indirectly, after a time lag, as a result 
of the bending of the busbar. Therefore, the likelihood 
of failure of the support hinges not only on the initial 
electro-magnetic force but also on the rate of decrement 
of that force and upon the vibratory characteristics 
of the busbar-insulator system. 

In analytical method of maximum stress calculation 
based on all of the factors mentioned has been developed 
and is outlined in the Appendix, for the basic case of a 
bus structure having long, straight, uniform, parallel 
busbars with equidistant, rigidly mounted supports of 
uniform characteristics. The method of calculation 
is a general one applicable to all cases of elastic busbars 
intermittently supported, irrespective of whether the 
conductors are placed face-on or edge-on with respect 
to the supports and irrespective of whether the sup- 
ports themselves are stressed in bending tension or 
compression. 

The actual bus structure is, of course, often quite 
complex involving, for instance, the effects of tap con- 
nections, bends, unequal spans, non-uniform current 
division. Special consideration, may have to be given 
to these factors in many cases. Moreover, in structures 
with long spans where the forces so act as to cause 
relatively large busbar deflections, the tension set up 
along the busbar may cause large secondary bending 
stresses in the supports, which stresses act in a direction 
at right angles to the stresses covered by the formulas 
developed in the paper. For this type of structure, the 
secondary stresses have often proved to be the control- 
ling factors in design. 

The method of calculation presented here differs from 
those employed in the past, since the calculations used 
heretofore have only partially taken into account, or 
totally neglected, the oscillatory characteristics of bus- 
bars and of supports. 

Since the natural frequencies of busbar structures 
range from, say, 10 to 300 cycles per second, mechanical 
resonance is within common possibility in buses of 25- 
cycle circuits as well as in buses of 60-cycle circuits. 
While not all cases of resonance give rise to stresses 
greatly in excess of those at non-resonance, resonance in 
some cases multiplies the stresses five or even ten times. 
It will often be possible by proper methods of design so 


to change the natural frequencies as to avoid the cases 
of resonance giving extra heavy stresses. 

The analytical equations developed for stress calcu- 
lation are inherently complex, but their results may be 
expressed with sufficient accuracy in the form of curves, 
each group of curves covering a wide range of cases. 
A representative curve is given in this paper in Fig. 1. 
The development and use of any practical set of working 
curves depends in a large measure upon a detailed 
knowledge of the mechanical characteristics of the 
structural elements involved. 


PRACTICAL FORMULA FOR MAXIMUM STRESS 
CALCULATIONS 


The stress formula and the stress curve presented here 
are based on the following selected conditions: 
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Fic. 1—Curve or Stress Factor p 


For the calculation of maximum support stress during 60-cycle short 
circuits, for values of /1, lower natural frequency, ranging from 5 to 150 cye. 
per sec. and for the value of /2, higher natural frequency, equal to 180 cyc. 
per sec. The maximum support stress is p Fo, where Fy is the electro- 
magnetic force per busbar span for the initial r.m.s. (total) short-circuit 
current. 

The curve of p is calculated for the following specific constants (see 
Appendix). 
ny = 5 
12.6 


2.2 


ny 
g 
h 

Attention is called to the fact that the two natural frequencies /; and fo 
of the assembled busbar-insulator structure often differ very materially 
from the values of busbar natural frequency for rigid supports and of support 
natural frequency without the busbar. The differences in question are due to 
the support flexibility affecting busbar deflections and due to the busbar 
mass affecting support vibrations. 

A useful formula and a simple chart for the determination of the natural 
frequency of busbars with rigid supports are given by L. F. Woodruff 
(Bibliography No. 34), but do not apply to busbar-insulator structures 
with flexible supports. 


ott al 


Two-wire short circuits with the maximum amount of 
initial current displacement. 

Average initial rates of current decrement applicable 
without material error to maximum stress determina- 
tions for short circuits in systems for which the short- 
circuit reactance does not exceed, say, 30 per cent. 

An average value of mechanical damping applicable 
to a variety of bus structures having copper bars and 
porcelain insulators. 

The application of the formula and of practical stress 
curves calls for the following data: 

1. Initial value of r. m. s. total short-circuit current 


I,, as obtained from accepted short-circuit current 
decrement curves,* I) ampere. 


*Bibliography No. 14. 
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2. Length of busbar span between centers of sup- 
ports, / in. 

3. Dimension of individual busbar lamination 
(measured in the direction parallel to plane of deflection) 
a in. 

4. Dimension of busbar perpendicular to a, 6 in. 

5. Center spacing between bars (or groups of 
bars) mounted on separate insulaotrs, s in. 

6. The two natural frequencies f; and f. of the bus- 
bar structure; they are most readily obtained by a 
simple test. 

7. The frequency f. of the current. 


The procedure is to calculate Fo, the electromagnetic 
force exerted on a length of busbar span by the initial 
r.m.s. value of total short-circuit current, from the 
formulat 


l 
Ry 4.0 Se Sk XX Ty i. Ib. per spant (1) 


and to obtain the maximum support stress P from the 
formula 


P = pF, |b. per support (2) 


where p is the stress factor obtained from stress curves 


Fic. 2—Tue Bus SrructurE CONSIDERED IN EXAMPLE 


selecting the value of p corresponding to the two natural 
frequencies of the bus structures. Fig. 1 gives a sample 
stress curve for 60-cycle currents. 


Additional working stress curves, similar to that of 
Fig. 1, but covering the full range of natural frequencies, 
or other ranges of conditions, may, of course, be pre- 
pared by the same procedure. 


EXAMPLE OF STRESS CALCULATIONS 


Two-wire short circuit between phases A and B in 
Fig. 2 each phase having two copper bars 4 in. by 14 in., 
with 14 in. air space between bars. Calculate the 


+Assuming uniform current distribution in the conductors 
and neglecting the deflection of the bars. Exact formulas (not 
generally required in stress calculations) allowing for the deflec- 
tion of the bars are given by V. Karapetoff in Chap. XIII, The 
Magnetic Circuit, McGraw-Hill, 1911. See also Biblo. No. 27. 

tThe factor k is a shape correction factor. It depends on the 
width, thickness and spacing of the bars, and allows for the well- 
known fact that the electromagnetic forces between bars are not 
always the same as those obtained on the assumption that the 
entire current is concentrated at the center of each bus. The 
value of k frequently differs from 1.0, especially in cases of 
closely spaced bars. The necessary values of k have been cal- 
culated and plotted by H. B. Dwight, Bibliography No. ial 
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maximum support stress for the following conditions. 
: I) = 16,200 amperes 


i656 11, 
Ses e25 1M. 
OQ) = 41n. 
[ne ly in. 


fi = 26.5 cycle per sec. 

fo = 280 cycle per sec. 

f. = 60 cycle per sec. 
Then from equation (1) 


l 
Fo = 4.5 X 10% Xk X Io? = 


where 
k = 1.05 from H. B. Dwight’s chart (Bibl. No. 11) 
Hence 


Fy=4.5X 10-8 1,05 X16,200?% 2s 
1) 
and the stress factor p, obtained from a curve similar 
to that of Fig. 1 (or by calculation from (12) is 1.8 
Thus the maximum stress per support is 
Piece Osa wl (on). 

A test was made on the bus in question with a 25- 
cycle current, rather than a 60-cycle current. The test 
at 25-cycle per sec., gave a measured peak stress of 305 
Ib., for the same value of initial r. m.s. short-circuit 
current, 7. e., 16,200 amp., as indicated in Fig. 6. The 
greatly increased stress at 25 cycles is due to nearly 
perfect resonance, the natural frequency f, = 26.5 
cycle per sec. being practically equal to the frequency 
of the fundamental component of electromagnetic 
force. It is therefore seen that in a given bus a short- 
circuit current of one frequency, say 25 cycle per sec., 
may produce a much greater stress than the same cur- 
rent of another frequency, say 60 cycles per sec. 

RESULTS OF TESTS 


A large number of tests were made to check the stress 
calculations: 1, on small-scale structures of definitely 
known and readily adjustable mechanical character- 
istics and 2, on full-size typical busbar-insulator struc- 
tures with short-circuit currents up to 25,000 amperes. 
The results of the tests were in good agreement with the 
calculations. 

The support deflection curve (with time) as well as 
the busbar deflection curve (with time) were recorded 
by oscillograph, with the aid of specially designed dis- 
placement recorders. Moreover, the deflections of the 
insulators were measured for slowly applied constant 
loads, so that the support stresses could be calculated 
from the oscillographic support deflection records. 
The bus structures used had five or more uniform busbar 
spans per phase. The results of one of the tests are 
given below. 

The object of this test was to compare test results of 
support stress with calculated results for a bus structure 
employing porcelain insulators with a long busbar span 
(56 in.) in which the bars were mounted face-down on 


= 96 lb. per span 
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the supports, as shown in Fig. 2. The center spacing 
between phases was 7.25 in., two 4 in. by 14 in. bars 
being used per phase. The two natural frequencies of 
the structure were 26.5 cycle per sec. and 280 cycle 
per sec. 

In the oscillogram, Fig. 3, are shown in the upper 
curve the 25-cycle short-circuit current of 14,900 amp. 
‘initial r.m.s. value, in the middle curve the center 
deflection of a busbar span, in the lower curve the sup- 
port deflection occurring at the level of the busbar. 
Fig. 4 shows, in the lower part, the support-stress curve, 
A, by test (from Fig. 3) together with a calculated sup- 
port-stress curve, B, calculated for a lower natural 
frequency of 25 cycle per sec. (by equation (17) of the 
Appendix). In view of the almost perfect resonance 
obtained in the test, the stress factor for maximum sup- 
port stress is 3.5, meaning that the maximum support 
stress is 3.5 times the initial average electromagnetic 
force per span. Moreover, the maximum support 
stress is 75 per cent greater than the electromagnetic 
force calculated from the maximum value of short-cir- 
euit current (21,500 amperes) measured at its first peak. 


Fig. 3—OscittoGramM PERTAINING TO Trst No. 1 


Upper Curve: 25-cycle current, initial r.m.s. value 14,900 amperes 

Middle curve: Center deflection of busbar span 0.19 in. maximum 

Lower Curve: Deflection of support at level of busbar center 0.15 in. 
maximum 


The load-deflection curve for the insulator appears 
im Wigs 5. 

In Fig. 6 reasonably good agreement is shown between 
test points and a calculated curve of peak stress for 
short-circuit current values ranging from 8000 to 
19,000 amperes, under the conditions of this test. 

The authors wish to acknowledge the contributions 
made towards this work by Messrs. D. Basch, C. W. 
Frick and L. F. Woodruff. 


Appendix 
Calculation of Stresses in Bus Supports 


It is the object of this appendix to outline a pro- 
cedure for estimating the maximum. short-circuit 
stresses in busbar supports. 

Busbar structures with flexible supports may be 
treated as a mechanical system comprising a busbar 
span of concentrated mass M,, constant stiffness S,,,* 
and motional resistance, the busbar being held. by 
supports which are also represented by a concentrated 
mass M,, a constant stiffness S,, and motional resistance. 


*The stiffness is the force per unit deflection, the force being 
slowly applied to the mass originally at rest. 


The electromagnetic force f per span will be considered 
as applied to the equivalent busbar mass Mz; while the 
driving force acting on the support will be S, y» where 
y» is the deflection of the mass M, with respect to the 
supports as indicated in Fig. 7. 


at 0 0.5 1.0 15 2.0 25 3.0 
NO. OF CURRENT CYCLES ( FREQUENCY, 25~) 
0 0.02 0.04 0.06 0.08 0.10 0.12 
SEC. : 


Fig. 4—CuRRENT AND STRESS CurRVES FoR Test No. 1 

Upper: Current from Fig. 3 

Curve A: Support-stress curve by test, from Figs. 3 and 5 

Curve B: Calculated support-stress curve, by equation (17) and on the 
basis of the following constants: fi = 25 cyc. per sec., fe = 280 cyc. 
per sec., fe = 25 cyc. per sec., nj = ng = 5,g = 12.6,h = 2.2 
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Fig. 5—Loap-DrriectTion CURVE FOR SUPPORT USED IN TEST 


Loads constant and slowly applied at the level of the busbar. Deflection 
measured at level of busbar 
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CALCULATION 
For conditions of Test 
Points obtained by test, curve by calculation 


In view of the foregoing, the support-stress calcu- 
lations will be based on the following conditions: 

i Straight, uniform, parallel busbars having eaui- 
distant supports of uniform characteristics. : 
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2. All supports, are considered equally stressed, 
the stresses per support being those due to the electro- 
magnetic force for a full busbar span. A number of 
similar spans are assumed to be acted on by the same 
electromagnetic force. 


3. Busbar and support deflect when stressed and 
have elastic properties. 
‘a 4. Two-wire short circuit, the two conductors carry- 
ing equal and opposite currents. 


5. Busbars at rest and unstressed before application 
of the short circuit. 


6. The deflection of the busbars is considered to be 
small in comparison with the spacing between conduct- 
ors; thus the electromagnetic force is regarded as inde- 
pendent of the deflection of the bars. The longitudinal 
tension in the bars is neglected. 


7. The base of each support is considered to be 
tightly bolted to a rigid foundation. 

8. The assembled bus structure is assumed to have 
not more than two natural frequencies. 

9. Inthe first analysis, the motional resistance of the 
structural elements as well as the current decrement 
will be neglected. The principles of motion and of 


Fig. 7—BusBAR-INSULATOR STRUCTURE WITH FLEXIBLE 
SUPPORTS 


The busbar is represented with concentrated mass Mz and the support 
with concentrated mass M,. Line A-B indicates the rest position of the 
busbar and of the supports before the electromagnetic forces are applied. 


stresses can adequately and most conveniently be de- 
rived from an analysis of the motional behavior of a 
(hypothetical) system of negligible resistance, in the 
absence of current decrement. Subsequently, suitable 
allowance will be made for current decrement and 
damping. 


SUPPORT DEFLECTIONS AND STRESSES WITHOUT DAMP- 
ING AND WITHOUT CURRENT DECREMENT* 


Since the driving electromagnetic force f per span 
is opposed during vibratory motion by a force due to 
the acceleration of the busbar mass, whose displacement 
at any instant is y» + y., and by a restoring force 
due to the resilience of the busbar span, the following 
equation of busbar motion neglecting resistance is 
obtained, in accordance with Fig. 7. 
O's 


d? 
i + )4 sum =F 


M.( dt? 


All forces are parallel and in one plane. The corre- 
sponding forces acting on the support, according to Fig. 


(3) 


*C. g. s. absolute units are employed, unless otherwise men- 
tioned. For symbols see List appended. 
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F define its motion as given in equation (4)+ Re- 
sistance is again neglected. 


ad? yf. 
$ dt? (4) 


In order to obtain the support stress, equations (3) 
and (4) will be solved for y, in terms of the structural 
constants and the electromagnetic force. If equation 
(4) is differentiated twice, with respect to time, and the 
equation so found is then combined with (3) and (4) 
for eliminating y, and the derivatives of y,, equation (5) 
the differential equation for y,, is obtained. 


M +S.y, = Soyo 


dd‘ Ys ( S> Se Sy ) d? Ys 
dt! ies eae aly eR 
oS. Ss 


ails M, M. Ys = M,M.! (5) 
where f, the electromagnetic force, for a fully displaced 
sine current, without decrement, has the form 
f=AT,? (1— cos @ t)? 


4 Uh 
= 154 In (1- F cos ot +3 cos2 vt) (6) 
Then the solution for y, from (5) and (6) is of the form 


BF, 
he? 


a= Cy emt aye Co ect ae C3 exst ae C4 ex a 


4 if 
g BFocos wt 3 BFocos2 wt 


Be eG cn pO aE (a) 


In practical stress calculations the ratio es =) )alse 
convenient to use, where yy is the support deflection due 
to a dead load equal to Fo, the electromagnetic force 
exerted on a busbar span by the r. m.s. initial asym- 
metrical short-circuit current. Hence, p multiplied 
by Fy gives the support stress, and the maximum value 
of p is the maximum stress obtained when the initial 
average electromagnetic force per span is one. Ac- 
cordingly, p will be called the stress factor. Thus the 
support stress factor, neglecting resistance and current 
decrement is from (7) 

Le 1 + GC, cos git + C, cos q2% + C’ cos wt 


Yo 


YOM 


+ C” cos 2 wt (8) 
where q; and q, are defined by (10), and the coefficients 
C,, C2, C’ and C” are defined by 


Us? 
(OF = 


U2 — Uy" 

+Equations similar to No. 3 and No. 4 were set up by Hort 
(Bibliography No. 15) for the vibrations of a system comprising 
a rotating machine on a flexible shaft held by two bearings which 
are resting on a yielding foundation. 
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SR TA Pinte Soe eae 
Goer geega ares | 
a 
ee Ue — Uy 
= Uy” Ah F U2? ) (9) 
( nas tp eo Wea an Se 
4 U3" Us" 
Cc’ =—- =~ ———_ 
3 (1 = U4") (1 = Us") 
ol as ur Us" : 
ie 3 (4 = U1’) (4 = U2?) 


It is seen that all constants in equation (8) depend 
solely on the frequency ratios uw; and uw, (see list of 
symbols) so that, if the two natural frequencies 


fag -st J to- vet) 

5 PSY eee eee oe A : 
(10) 

(ue pete, a 

fre fe age 4 ot Vor the) 


are known, the stress factor is readily calculated by 
(8) and (9), neglecting resistance and current decre- 
ment. 


EFFECTS OF CURRENT DECREMENT AND OF DAMPING 
AT NON-RESONANCE 


The decreasing electromagnetic force due to short- 
circuit currents is expressed in the form: 


2 1 
= — p—28t ogee hig 
f=F (se +3 e 


4 
a e&™! cog wt 


1 on 
pray CameCOS 2 1GE (11) 


3 
g and h being the current decrement constants. 
An approximate working formula, taking into account 
current decrement and damping, (derived from (8) 
and (10)) for estimating maximum short-circuit stresses 
in bus supports at non-resonance is then the following: 


Ys ZI, Ce 4 
Da Vo aoa 3 é 2gt + 3 e 2ht ae Gy e—0:5a't cos qi t 
+ Gs e058 e"t cos qt 2s Ge eet cos wt “li Cc” on2ht 


cos 2 wt (12) 
where the constants C are those of (9). Equation (12) 
is not applicable to resonant cases in the form given. 
The practical use of (12) calls for the following data: 
the two natural frequencies f; and f, 

the current frequency f, 

the current decrement constants g and h 

the motional resistance decrement constants 

a’ and a” 
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STRESSES AT RESONANCE 
Definition of Resonance. Resonance will be defined as 
the condition of cyclically increasing stress amplitudes 
(or vibration amplitudes) occurring when a force of a 
frequency equal to one of the natural frequencies 


(f, and fy) is impressed on the bus structure. The four 
cases of resonance for bus structures are: 
uy = (13a) 
Us = "1 (13b) 
uy = 2 (13c) 
Us = 2 (13d) 


Condition for Maximum Stresses. It is well known 
that, strictly speaking, the maximum deflection due to 
sustained forced vibrations occurs at an impressed fre- 
quency slightly different from the resonant frequency 
above defined*, the difference depending on the damping 
constant. The magnitude of the diffierence, however, 
is less than one per cent in frequency and less than one 
per cent in deflection, for the constants coming into 
question in bus structures. For practical calculations, 
therefore, the differences mentioned may be ignored. 

Resonance without Resistance and without Current 
Decrement. The four cases of resonance defined in 
(13) are fundamentally similar to one another. As an 
illustration of the theory, the case of u; = 1 will be 
worked out, which is the case of resonance between w 
and q, in equation (8). 

Mathematically, we may determine the form of the 
resonant component of stress factor for the case when 
w and q; become equal, by determining from equation 
(8) 

ne fe cosqit+C’e¢ f= 
ibe ee 28 yy q1 »- COS Ww = 


/ 


“ote 
Yo 
where y,’ is the component of support deflection at 
resonant angular velocity w = qi. By evaluating the 
indeterminate form contained in equation (14), in the 
customary manner, it is found that 
Ps A Up? (5 — 2 ue?) 
Yo _ 9 (1 = Vie 


(14) 


cos wt 


2 Uy” 


31 Su) wtsin wt 


+ (15) 

In equation (15) the sine term, containing the factor 
wt, is the one expressing the progressive increase of 
vibration amplitude characteristic of all cases of reso- 
nance. ‘The expression shows that the amplitude of the 
resonant component of stress increases at the following 
rate: 


VAG Uy? 


3 (a F’, for each half cycle 


indicating that the increase per half cycle of the support 
stress component at resonant frequency is equal to that 


*See Bibliography No. 17, p. 463; also Bibliography No. 26 
pp. 41, 42. ' %: 


the impressed electromagnetic force. 
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which would be obtained if the support were impelled 
directly by a harmonic driving force of the amplitude 


4 y Ud? 
3 ( 1— Us ) Fy 


where the ratio in brackets is a modulating ratio ap- 
plied to the amplitude of the resonant component of 
The expression 


(16) 


_ (16) may then be regarded as the amplitude of an equiv- 


alent driving force impelling the support. 


For resonance between gq. and w, an expression analo- 
gous to (16) is obtained with w, substituted for we. 

Since it is desirable to keep the magnitude of the 
resonant stress as low as possible, the non-resonant 
natural frequency should be as far from resonance as 
possible, and preferably of lower value than the resonant 
natural frequency. 

Resonant Stresses Including Resistance and Current 
Decrement. The stress factor at resonance, including 
allowance for resistance and current decrements is 
in accordance with (11), (14), (15) and (16). 


sige 1 oe 
p= i Song ori ae “COS dat 
+ C” e*" cos 2 wt + ae ay) 
where 
eeu nent") 
yo 38-d—w)° tht 


Sot! 5 — 2u,? 
me SS es ears 
[ m, (l—e ~ )sin wt T3 ae) e 


t 
2 cos wt | (18) 


and C, and C” are the factors defined in (9). Ex- 
pressions (17) and (18) apply, of course, to resonance 
between g; and w only, the expressions for the other 
three cases of resonance being similar. 

DAMPING AND DECREMENT CONSTANTS 


The effect of damping on resonant stresses is taken 
into account by the use of the “sharpness of resonance”’ 
defined by 7; and nz (see list of symbols). Obviously, 
an increased amount of damping gives a reduced value 
of resonance sharpness. Tests performed on a variety 
of bus structures employing copper bars and porcelain 
insulators gave 1 = %2 = 5, on an average. This 
value was used in the preparation of the stress curve of 
Fig. 1. Other types of bus structures require, of course, 
different values of resonance sharpness, in some cases 
well above 5. 

In (11), exponential rates of current decrement were 
assumed, different rates being applied to the direct 
component and to the alternating component. For 
approximate calculations of maximum short-circuit 
stresses in busbars, g and h in (11) may be given the 
values 12.6 and 2.2, respectively, provided 1, short-cir- 
cuit currents with a maximum amount of initial dis- 
placement are considered; 2, the system reactance is 
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within the range from, say five per cent to 30 per cent; 
and 3, the time of the maximum stress is not later than, 
say, 0.1 or 0.15 sec. after the beginning of the short- 
circuit. Tests have shown that the maximum in ex- 
ceptional cases only, occurs later than 0.15 sec. after the 
beginning of the short circuit. 


SYMBOLS 


a’, a” resistance decrement in free 
vibrations 

Q1, Qo, A3, a, roots of equation at + goa? + h,? = 

A electromagnetic force per busbar span per 
unit current 

a (in.) dimension of individual busbar lamination, 
measured in the direction of its deflection 


due to short-circuit electromagnetic force. 


constants 


So 


M,M, 


b (in.) dimension of individual busbar lamination, 
measured in. the direction perpendicular 
to its deflection due to short-circuit elec- 
tromagnetic forces. 

C1, C2, C3, Cg Constants of integration. 

C,, Cx, C’, C” amplituees of harmonic components 

of stress factor for zero resistance 
and no decrement; see (8) and (9). 


B substitution for 


C=. 118 een 

l length of busbar span, measured between 
centers of supports. 

electromagnetic force per span for a current 
of I, per conductor = AI,” = eh Aedes 

if instantaneous value of electromagnetic force 

per busbar span. 
iF (cye. per sec.) frequency of current. 


fi (cye. per sec.) lower natural frequency of bus 
structure. 

fo (eye. per sec.) higher natural frequency of 
bus structure. . 
iS b Ss S b 

fcait \igeaenll, vine, 

g decrement constant of d-c. component of 
short-circuit current 
ohn. LTS 

he = , M 
b s 

h decrement constant of a-c. component of 
short-circuit current. 

k shape correction factor for the calculation of 
electromagnetic force. 

I, r.m.s. value of initial asymmetrical short- 
circuit current at time t = 0; also JA = 
10225 

I, maximum value of a-c. component of short- 


circuit current at time? = 0. 
M, equivalent busbar mass, concentrated at the 
center of the busbar span. 
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equivalent support mass considered concen- 
trated at center line of busbar over the 
center of the insulator; M, includes the 
part of the busbar mass which. follows 
with the support in its motion. 

1, 2 Sharpness of resonance, defined by 


M, 


q1 
n = 
1 a! 
q2 
Ny =”, 
2 a! 


w = 27f, (radians per sec.) 
‘a (Ib. per support) maximum support stress 
p stress factor for calculation of support stress 
41, Y@2 angular velocities of natural frequency vi- 
brations, defined by (10); qi is smaller than q2 
S, stiffness of equivalent busbar in direction 
parallel to deflection due to electromagnetic 
force 
S, stiffness of support 
S center spacing of parallel busbars 
t (see.) time, measured from beginning of short 
circuit 


= 
| 
| 


ratio of lower natural frequency to cur- 
rent frequency 


aaa la ratio of higher natural frequency to 
current frequency 
y, deflection of equivalent busbar span relative 
to supports. 
Ys deflection of support in a direction parallel 
to the direction of the electromagnetic force 


BF Fy 
jf: 


component of support deflection at resonant 
angular-velocity q; = w. 


Yo average support deflection = 
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No less than 17.6 per cent of city night traffic ac- 
cidents, according to a survey of 31,475 accidents in the 
police records of 32 cities in this country, are attribu- 
table to poor street lighting. 


Automobile accidents alone, it is estimated by Dr. 
Crum, Statistician of the Prudential Life Insurance 


Company, are the cause of an annual personal property 
loss of one billion dollars. 
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Volt Cascade Transformer at C 
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Synopsis.—This paper is presented to describe the cascade 


Ay 1. BY EB. 


such equipment, but it does not give building-plans for the 1,000,000- 
volt laboratory, as they have been presented in other publications. 


connection for transformers, and show the standard characteristics of 
| Fi lapse power transmission began in Cali- 
fornia. Economic laws of demand and sup- 
ply have vindicated the faith of those electrical 
pioneers to whom we do special honor at this conven- 
tion; in no other part of the world is the transmission 
of power over great distances so highly developed. 

The many problems incident to such a development 
may be arranged in two groups, one having to do with 
the manufacture of apparatus, and the other having 
to do with methods of operation. 

The supply of raw materials and living habits of 
craftsmen establish factory locations. The manage- 
ment of factories manufacturing electrical apparatus 
have been very sagacious in establishing experimental 
and research laboratories in which problems of both 
groups have been solved, and although these labora- 
tories have been of inestimable value to the operating 
companies, they are so far from the Pacific Coast Power 
Companies as to make their full use by engineers of these 
companies very difficult. 

The absence of such laboratories near at hand has 
often caused Pacific Coast engineers to conduct in the 
field, with the greatest of difficulty, tests which could be 
made in whole or in part very quickly in a properly 
equipped laboratory, or to make long trips to factories 
to use the factory laboratories. This situation was 
particularly acute when the preliminary work for the 
220) ky. lines, just put into operation last year, was being 
done. 

Future development is almost certain to warrant the 
use of voltages higher than 220 kv. In anticipation of 
_ such development, and to facilitate the solution of 
operating problems arising as a result of the use of the 
220) kv. transmission with its large secondary distri- 
bution networks, the Southern California Edison Com- 
pany has established at California Institute of Tech- 
nology a high voltage research laboratory. 

The location is strategic because it is convenient for 
engineers of the Edison Company, and it associates with 
the laboratory all the equipment and personnel of the 
Norman Bridge Laboratory of Physics under the 
direction of Dr. Millikan, and the department of elec- 
trical engineering of the Institute. Also it is economic 
because there is available a certain amount of student 
energy which can be expended in investigating problems 
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of unknown economic value, thus avoiding the necessity 
of having the Utility Companies establish and maintain 
a personnel specially trained for this type of work. 

This laboratory is of interest because it will be used 
by Dr. Millikan and his associates for work carried on 
by them in determining the structure of matter and 
other problems in physics, as well as for engineering 
problems. Also it is the first laboratory projected for 
the production of 1,000,000 volts from line to ground, 
and is the first installation to use cascade or chain con- 
nected transformers. This connection was originated 
by the author first as an interesting transformer com- 
bination, and then applied to this problem at a time 
when there appeared no other way of obtaining a poten- 
tial of 1,000,000 volts from line to ground. 


Fic. 1—Four 250-Kv-a., 250,000-Vour, 50-CycLE WESTING- 
HOUSE TRANSFORMERS, INSTALLED ON STEEL FRAMES SUPPORTED 
BY PorRcELAIN INSULATORS 


The fact that several other installations using this 
connection are now being constructed appears to war- 
rant its use, though other ways for producing 1,000,000 
volts line to ground have been developed. 

In this particular installation four 250 kv-a., 250,000- 
volt 50-cycle Westinghouse transformers, installed on 
steel frames supported by porcelain insulators as shown 
in Fig. 1, are used. 

An inspection of what is inside one of the tanks 
discloses a core type transformer with the regular pri- 
mary and secondary windings, and anadditional winding 
designated as the exciter winding. Fig. 2 shows the 
assembly of core, coils, static shields enclosing the core 
and coils, and the insulation barriers between the shields 
and the tank. 
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The primary is divided into two cylindrical sections, 
one on each leg of the core. Over each of these sec- 
tions and concentric with them are concentric micarta 
tubes of varying length, the inner ones being practically 
the full length of the core, whereas the outer ones are 
only a portion of this length. The tubes between the 
inner and outer ones are graded in length between these 


Fig. 2—AssEMBLY OF Core, Cos, Static SHIELDS ENCLOs- 
IN@ CORE AND CoILs, wiTH INSULATION BarRRIERS BETWEEN 
SHIELDS AND TANK 


two limits. On each of these tubes, with the exception 
of the two outer ones on each leg, is a section of the 
secondary or high voltage winding, these windings 
being connected in series, the connections alternating 


4,000,000 Volts > 


750,000 Vo/ts 
Above Ground 


On Tank 
500,000 Volts 
Above Ground 


On Tank 
250,000 Volts 
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Fia. 3—DiacramM or TRANSFORMERS CONNECTED IN CASCADE 


from leg to leg so as to produce a uniformly graded 
electrostatic field. The two outer cylinders on each 
leg are reserved for the exciter winding, which is divided 
into two parts, one on each leg. The two parts are 
connected in multiple. 


: 3000 
The primary is wound for 6000 volts, the secondary 


for 247,000 volts, and the exciter winding for 3000 volts. 


SORENSEN: DEVELOPMENT OF 1,000,000-VOLT CASCADE TRANSFORMER Journal A. I. E. E- 


When the transformers are connected in cascade the 
three windings of each transformer are connected in 
series, thus forming an auto transformer having three 
sections, the several transformers being connected 
together as shown diagrammatically in Fig. 3. 

The primary leads are all brought out according to 
standard practise for series-parallel connections. The 
grounded secondary lead is brought outside the tank 
to an ammeter jack and thence to a ground on the tank. 

The high voltage terminal of the secondary is tapped 
off at the junction of the secondary and exciting wind- 
ings and brought out through a tube which forms the 


lead for the high potential end of the exciter winding. 
This tap lead and the 250,000 volt lead are insulated 
from each other by a small cylinder of micarta. The 
250,000 lead is in all other respects a standard condenser 
lead for a transformer of this voltage. 

In addition to these windings each transformer is 


provided with a two section volt voltmeter 


0 
300 
winding. 

Fig. 4 illustrates the assembly connection.) for 
1,000,000 volts, one end grounded. 


250,000 Volts to Ground 500,000 Yo/ts to Ground 750,000 Yelts to Ground £000,000 Volts fo Ground 


\ 
250,000 Valt, 250 KVA. Testing Transformer-— 


-— 6000 Volts ———— | 
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e Regulating Transformer 
Limit Switch 
ar Case 
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Fig. 5 shows the complete wiring diagram} for this 
connection. 

The regulating transformers shown in this diagram 
are an ingenious combination of transformer stepping 
down from 15,000 to, 3000 volts and a small induction 
regulator. The 3000 volt winding has taps which are 
so arranged that by means of the small regulator, sup- 
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plemented by a third winding and a special current 
transformer, the secondary voltage of the regulating 
transformer may be gradually and smoothly changed 
from zero to 3000 volts. 

/ These regulators and the switches are controlled from 
two control desks located one on the first observation 
gallery and one on the main floor. 

The units may be connected for various combinations, 
both single and three phase, and controlled as a whole 
from either desk, or they may be separated and operated 
from different desks each independent of the other. 

The natural development stages for such a project 
are financing, engineering, construction, erection, test- 
ing, and operation. 

The financing, contrary to usual practice, was not 
difficult because of the broad outlook of the Southern 
California Edison Company officials and engineers and 
the excellent cooperation of the Westinghouse Electric 
and Manufacturing Company. 

The engineering presented some problems of educa- 
tion because of lack of previous similar connections and 
the apparent inclination on the part of manufacturing 
companies to discourage a college laboratory from hav- 
ing such equipment. 

In particular, there was a strongly expressed opposi- 
tion to the cascade connection on the basis of large 
phase displacement and consequent uncontrollable 
terminal voltage as compared to the voltage of each 
unit. Preliminary tests made by the author, using 
standard lighting transformers up to twelve in number, 
gave no indication of such trouble, and subsequent 
tests made on the completed equipment also show this 
factor to be inconsequential. 

The construction presented no new difficult problems 
because each unit is constructed as a 250,000 volt unit, 
many of which have been built. Special care, however, 
was taken to keep the reactance between the primary 
and the exciter windings, which must be well insulated 
from each other, as low as possible consistent with the 
safety of insulation desired. 

The erection presented only one difficult problem, viz. 
the securing of a reasonable priced insulator strong 
enough to support the weights involved, and guard 
against lateral forces which might at sometime upset the 
structure. In fact so difficult was it to secure such 
insulators that a reluctant decision to use stands of red- 
wood timbers was made. 

This decision seemed at the time reasonable because 
tests of many redwood samples, together with long 
experience insulating various circuits, including high 
frequency Poulsen are circuits, with redwood, indicated 
that it would be satisfactory. 

After thestands were made, using 6-in. by 6-in. timbers 
all of which were seasoned by long storage, unit No. 2was 
mounted thereon and an attempt made to bring up the 
voltage. When the tank of unit 2 was up to a potential 
of about 75,000 volts above ground a bit of smoke was 
noticed at the foot of one of the four legs of the 9-foot- 
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high stand upon which the transformer rested. This 
was a disconcerting surprise because a stand made to 
1/10 scale had many times stood a higher potential with- 
out any sign of distress. Fearing some disaster to the 
transformer, should the stand collapse, some timbers 
like those in thestand were secured and placed under test 
at 200,000 to 250,000 volts. These timbers when sub- 
jected to this voltage, supplied by a 250-kv-a. trans- 
former, would hold up for 20 to 30 minutes, or until we 
felt almost certain of having solved the problem. After 
this time had elapsed there would suddenly appear at 
the electrodes on some of the timbers, and at spots along 
the timbers, little jets of steam. These were in practi- 
eally all cases followed very quickly by explosions 
violent enough to split the timbers open from end to end. 
Following this discovery 4-in. by 4-in. sample timbers of 
oak, hickory, redwood, maple, ash and other woods were 
thoroughly boiled in paraffine and subjected to test. 


500 >_> 7 ii 
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Pieces seven feet long stood 500,000 volts without harm, 
but these same samples, when quartered, showed large 
internal cracks due possibly to driving off the moisture 
during the impregnating process. 

Simultaneously with these additional experiments 
with wood many tests were made on glass plates, mi- 
carta sheets, etc., and a further search made for a suit- 
able porcelain insulator. All materials tried, other than 
porcelain proved inadequate where large power was 
involved, but fortunately the later search for a suitable 
insulator disclosed a very special Jeffery DeWitt insu- 
lator unit, which could readily be assembled in stacks of 
any desired number. Compression tests on these units 
with three in a column indicated a compression of ap- 
proximately 150,000 Ibs. as necessary to cause mechan- 
ical cracking or breaking. In as much as each trans- 
former weighs 45,000 lbs. complete, and four columns of 
units are used to support it, an ample factor of safety is 
assured and the structure shown in Fig. 1 was designed 
and installed. This being successful, the mechanical 
insulation problems were solved. 

Testing. Insulator stacks: The insulators used for 
constructing the racks when tested dry singly and in 
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column with one end standing upon the floor and no 
shielding at the top of the stack gave results as shown 
by curve in Fig. 6 or data of Table I. 

Shielding. Terminals of Units 1 and 2 can be brought 
up to 250 kv. or 500 kv. above ground without any unde- 
sirable corona. But Units 3 and 4 require additional 
shielding over that provided by the high voltage bush- 
ing of the unit. This was accomplished on Unit 3 by 
by the addition of a six inch ball on the tap lead 
terminal and a torus about 6 in. in cross section around 
the top of the choke coil, level with the tap lead ter- 
minal. Unit 4 has the tap lead left out but it is 
necessary to place above the choke coil a large torus 
made of hoop iron, covered with tinfoil to obtain a 
smooth surface. 


TABLE I 
Kilovolts to Are over 
No. Units in stack Stack 
it 90 
2 150 
3 200 
4 245 
5 310 
6 360 
ie 420 
8 460 
9 490 


The regulating transformers were tested only for 
insulation, ratio, polarity, and operation. In the 
operation test they have functioned well, as they give 
excellent voltage control from zero to 3000 volts on the 
secondary, with 15,000 volts on the primary, without 
any evidence of irregularity either in rate of control or 
smoothness of voltage change. 

The four transformers have been tested individually 
and in eascade for ratio, polarity, core loss, impedance, 
charging current values, ete. 

A ratio test at low voltages followed by one at 
voltages up to normal on the individual units showed 
at no load true ratio of turns readings on the meters for 
primary, secondary, volt coils, and exciter windings, 
the high tension voltage being determined by a sphere 
gap. 


TABLE II 
Volt Coil 
Ratio, Coil Reading 
Volts, Unit Gap Kilovolts Multiplied 
Prim. No 1, average Setting Indicated by |by Secondary 
Volts several Inches Gap Setting |—————_—___ 
readings Volt Coil 
x 1000 
2400 242 106 1000 801 
2265 227 96 900 753 
2080 208 90 850 694 
1880 188 81.75 770 627 
1730 173 69.5 650 Atlee 
1420 142 bine 540 A73 
1120 112 45.75 430 374 
950 95 38 370 316 
560 56 23°25 230 186 


“On ratio test at no load with all four units connected 
in cascade results shown in Table II and Curve of 
Fig. 7 were obtained. The secondary voltage in 
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this case being measured by means of needle gaps. 

As is always the case there is a boosting of voltage 
in the secondary of such high voltage step up trans- 
former, but this is not excessive as compared to the 


KILOVOLTS BY SPARK GAP (NEEDLES) 
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results to be obtained with any type of transformer for 
so high a voltage. 

A disappointing feature has been the failure of the 
volt coil to show a voltage more nearly in proportion to 
the secondary voltage rather than so nearly in accord 
with the primary voltage. This fact is made doubly 
disappointing because with the cascade connection for a 
voltage this high most of the boosting of voltage is in 
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the grounded unit as evidenced by check tests up to 
500,000 volts in which the ratio between the reading on 
the volt coil of unit 1 and the high tension terminal 
voltage of unit 2 is just twice the ratio between the 
reading on volt coil of unit 1 and the high tension 
terminal voltage of unit 4. 
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— Core Loss Tests. Core loss tests were made on"each 
unit at 49.5 cycles, the energy being supplied directly 
by the incoming power circuit. 

The average values of these readings were: 

Core loss at 8000 volts primary = 214,000 watts 
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cent of 250 kv-a. rating 
Core loss tests were also made with two units, three 
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units, and four units respectively connected in cascade. 
The results of these tests are shown in curves of Fig. 8. 

It will be seen from these tests that at the lower 
voltages the core loss of any combination of units 
closely approximates the sum of the core losses of the 
several units just as one would expect. At the higher 
voltages the total apparent core loss is greater than {the 
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sum of the several losses by an agnount equal to the 
copper losses in the exciter windings and the primaries. 
Fig. 9 shows the exciting current curves for 1, 2, 3 and 
A units. When more than one unit is used the units are 
connected in cascade. 
Impedance Test. Fig. 10 shows impedance curves 
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for 1, 2, 3 and 4 units, the curves being plotted with 
current in the high voltage winding as abscissae and 
impedance volts as ordinates. Fig. 11 shows a plot 
with the number of transformer units as abscissae and 
per cent impedance volts at normal secondary current as 
ordinates. It will be observed that the average im- 
pedance volt of any one of the four transformers used 
individually is 1.25 per cent. This low impedance gives 
very little protection to the transformer on short 
circuit, whereas with all four units in cascade the 
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equivalent impedance volts at full load high tension 
current is 16.4 per cent, a much more satisfactory value 
for a testing transformer. 

Fig. 12 shows the relation between current in the 
primary winding and the impedance volts across that 
winding when the exciter winding only is short circuited. 

With a primary current of 333 amperes, normal for a 
1000 kv-a. load, the impedance volts are for this 
connection 14.1 per cent. This is also practically the 
value of the reactance in per cent, the resistance drop 
for this test being less than two per cent. 

Charging Current. In planning for a connection of 
this type there was considerable conjecture as to the 
current required to charge units 2, 3, and 4 which are 
insulated from ground. Fig. 13 shows curves of current 
in the high voltage windings of the several units. 
These curves are plotted with miliamperes as abscissae 
and primary volts as ordinates. 

Following these tests a set of tests was made with 
3, 2, and 1 units respectively used to generate voltage 
and charge the tank above to its normal operating 
potential. That is with units 1, 2 and 3, operating 
cascade, unit 4 being connected to terminal of unit 3 
but not excited, readings of currents in high voltage 
windings of these units were taken for various primary 
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voltages. A similar set of readings with unit 4 dis- 
connected. The differences between these readings 
were those shown in the curves of Fig. 18 and are the 
charging currents required to charge the tanks of units 
2, 3 and 4 respectively. 

Operation. ‘The newness of this equipment precludes 
any record of operation except to state that it makes a 
very flexible equipment which has been satisfactory 
under all conditions for which it has been used. 

Not theleast of the desirable features of the cascade 
connection is the possibility of having separate units of 
250 or 500 kv. at 250,000 and 500,000 volts respectively, 
or of connecting the high voltage windings of three units 
in a star, thus obtaining 483,000 volts three 
phase. 

Many other combinations of which the following are 
illustrative, may be obtained: 1,000,000 volts between 
terminals, center grounded; 500,000 volt step up 
down, single phase system with one end or center 
grounded as desired. 

Acknowledgment. The bronze tablet placed just 
within the west entrance of the laboratory as an 
acknowledgment to the Southern California Edison 
Company, without whom such a laboratory would not 
have been possible. 


Metallic Polar-Duplex ‘Telegraph System 
for Long Small-Gage Cables 
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Synopsis.—In connection with carrying out the toll-cable pro- 
gram of the Bell System, a metallic-circuit polar-duplex telegraph 
system was developed. The metallic-return type of circuit lends 
itself readily to the cable conditions, its freedom from interference 
allowing the use of low potentials and currents so that the telegraph 
may be superposed on telephone circuits. The new system repre- 
sents an unusual refinement in d-c. telegraph circuits, the operating 
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current being of the same order of magnitude as that of the telephone 
circuits on which the telegraph is superposed. 

The metallic system is suitable for providing circwits up to 1000 
miles or more in length, the grade of service being better than that 
usually obtained from ground-return circuits on open-wire lines 
for such distances. About 55,000 miles of this type of telegraph 
circuit are in service at present. 


INTRODUCTION 


| eee has been developed recently by the Bell 
System a low-current metallic telegraph system, 

of the polar-duplex type, which is suitable for 
superposition on telephone circuits in long small-gage 
cables. In certain sections where long-distance toll 
traffic is heavy, it becomes desirable, from the stand- 
points of economy and continuity of service, to employ 
such cables to replace existing open-wire lines and to 
provide for future growth. The new telegraph system 
is being applied on a considerable scale in connection 
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with the toll cable system, the general features and 
telephone arrangements of which have been described 
in previous papers.’ The present paper outlines the 
general features of the metallic telegraph system and 
the method of superposing telegraph circuits of this 
type upon ‘‘two-wire’”’ and “four-wire’’ telephone cir- 
cuits in small-gage cables. 


The metallic-return or two-wire type of telegraph 
circuit was chosen in preference to the ground-return 
type because it appeared to offer a more straightfor- 
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ward solution of the technical problem and to be more 
economical, sufficient cable conductors being available 
as a result of the telephone requirements. On a long 
telephone circuit in a small-gage cable it is necessary 
to employ a number of repeaters with comparatively 
large amplification and also to insert loading coils in the 
line at short intervals. As a result, the interference 
from superposed telegraph would be excessive unless 
the telegraph voltages and currents were kept far below 
the values ordinarily employed for ground-return tele- 
graph. To allow the use of small currents and poten- 
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1—DrrreRENTIAL DupPLEX ON GROUNDED CIRCUIT 


tials with ground-return telegraph would require the 
development of arrangements for neutralizing differ- 
ence in earth potential and inductive interference from 
telegraph circuits in the same cable as well as from 
power circuits. It will be evident that a metallic tele- 
graph circuit possesses certain transmission advantages 
over a ground-return telegraph circuit in the same way 
that a metallic telephone circuit possesses advantages 
over a ground-return telephone circuit. 

This development resulted in a telegraph system 
which in some ways is unique in its refinement. The 
telegraph line currents are of the same order of magni- 
tude as those of the telephone circuits which use the 
same wires. Although cable is fundamentally much 
less favorable to telegraph transmission than open 
wire, one mile of small-gage cable having as much 
effect as many miles of open wire, the present system 


Polar Relay (Receiving) 


Sending Relay 
Armature 


Fig. 2-DirFERENTIAL DUPLEX ON Meratuic CircvuiT 
affords satisfactory operation on each pair of the cable 
for distances up to 1000 miles (1600 km.) or more. 
Two improved forms of mounting are employed; 
in one of these a repeater is built as a single self-con- 
tained unit and in the other a repeater consists of sev- 
eral units mounted on upright I-beams. The relays 
are quiet in operation and sounders are normally made 
inoperative mechanically as they are seldom used. Al- 
together, a metallic repeater office bears little resem- 
blance to the older type of office with apparatus 
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mounted on tables and hundreds of sounders in 
operation. 
PRINCIPLES OF OPERATION 
In describing the general principles upon which the 
present telegraph system operates, it will be convenient 
to evolve it from the familiar ground-return polar- 
duplex system, the essential features of which are illus- 
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trated in Fig. 1. It will be seen that at each end of the 
line circuit there are provided a transmitter and a re- 
ceiving relay. The operation of the transmitter sends 
current into the line and the artificial line, one polarity 
being used for “marking” and the other for “spacing.” 
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Fic. 4—Meratitic Duptex Circuir—SINGLE COMMUTATION 
If the artificial line has the same impedance as the real 
line, there will be no effect upon the receiving relay, 
since the latter is connected differentially. Currents 
received from the transmitter at the distant station 
will, however, cause the receiving relay to operate. 
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Fig. 5—Merartiic DuPLEXx Circurr—DovusBLE COMMUTATION 


The arrangement, therefore, makes it possible to send 
telegraph signals in either direction, or in both direc- 
tions simultaneously. 
In Fig. 2 the ground-return is replaced by a second 
line wire so that the circuit is now a metallic circuit. 
Fig. 3 differs from Fig: 2 only in that each receiving 
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relay has its windings divided into four parts instead 
of two, making the circuit symmetrical. 

For actual operation involving the working of a num- 
ber of circuits in a given office from the same set of 
batteries, it is desirable to make a connection to ground 
at each station at the point Gas shown in Fig.4. These 
connections stabilize the system and facilitate the clear- 
ing of accidental grounds. Although this results in 
unbalancing the currents in the circuit, there is sub- 
stantially no effective change in the metallic or two- 
wire operating currents if the line and apparatus are 
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Fig. 8—ImpPepANce or LINE AND ARTIFICIAL LINE 
well balanced, and this arrangement has the essential 
characteristics of an actual metallic telegraph circuit’ 
It may be helpful, however, to consider that the upper 
wire is employed for the transmission of signals and the 
lower wire is used to carry only neutralizing current to 
offset the effect of currents in the upper wire which are 
due to earth-potential differences and voltages to 
ground caused by induction from power or telegraph 
circuits. Since each pair in the cable is closely bal- 
anced, encloses a small loop, and is frequently trans- 
posed by twisting, it will be apparent that the currents 
due to interference are practically equal in the two 
wires, flowing in the same geographical direction and 
therefore do not affect the balanced relays. 

Fig. 5 shows another arrangement of a metallic tele- 
graph circuit in which the transmitter comprises two 
tongues, reversing the connections to a single battery 
instead of switching between two different batteries as 
in the case of Fig. 4. The ground connection at the 
midpoint of the battery at each station is for the pur- 
pose of stabilizing the system and facilitating the clear- 
ing of trouble. 

Circuits of the type shown in Fig. 5 were first de- 
veloped and put into extensive use in preference to the 
type shown in Fig. 4, largely for the reason that it was 
not at first practicable to obtain sufficiently close bal- 
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ance of relay windings. With improved relays, tele- 
graph repeaters have been designed to operate on the 
basis of Fig. 4, effecting certain economies. These two 
arrangements, which are known respectively, as “double 
commutation” and “single commutation,’ may be 
operated one against the other in a telegraph repeater 
section. 

The local circuits of the repeaters are arranged so 
that they may be conveniently set up either for simul- 
taneous operation in both directions (known as full- 
duplex) or for operation in only one direction at a time 
(called half-duplex), the latter giving the same commu- 
nication facilities as a simple open-and-close Morse 
telegraph circuit. 

GENERAL FEATURES 

As in the case of other telegraph systems it is neces- 
sary to subdivide a long circuit into sections by means 
of repeaters to avoid the use of excessive potentials and 
to limit the distortion of signals. For repetition be- 
tween two metallic cable circuits a simple arrangement 
called a ‘‘through repeater’”’ is employed. The equip- 
ment used at the end of a metallic telegraph circuit is 
known as a “terminal repeater.” 

The metallic polar-duplex system operates with a 
potential of 34 volts, requiring one 34-volt battery for 
double-commutation and two such batteries for single- 
commutation. Where both are used in the same office, 
one of the single-commutation batteries may be used 
for double-commutation, this being equivalent to the 
regular arrangement with a ground potential of 17 volts 
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in addition. The batteries are ordinarily “floated.” 
Tungar rectifiers are generally used, without causing 
any noise in the telephone circuits. 

The telegraph current in the cable circuit, with the 
batteries at the two ends aiding, is from about 3 to 15 
milliamperes depending on the resistance of the line 
circuits. With the batteries opposing, the current 
is, of course, practically zero. 

The small-gage cables are made up of No. 16 and 
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No. 19 B. & S. gage (1.29 and 0.91 mm. respectively) 
copper conductors, and the metallic telegraph system 
may be operated over conductors of either gage, or 
over the derived phantom circuits when the latter are 
not in use for telephone service. The maximum dis- 
tance between two consecutive repeaters is about 120 
miles (195 km.) on 19-gage, composited pairs, or 160 
miles (260 km.) on 16-gage. For non-composited cir- 
cuits the corresponding distances are about 140 miles 
(225 km.) and 190 miles (805 km.) respectively. The 
average telegraph repeater section is about 100 miles 
(160 km.) in length as a result of the telephone require- 
ments in connection with locating repeater stations. 
In come cases the telegraph is operated over non- 
loaded circuits, such conductors being available before 
loading coils have been applied to all wires of the cable. 
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The telegraph transmission is practically the same on 
non-loaded and loaded circuits. 

Curves of resistance and reactance versus frequency 
are shown in Fig. 8, for a representative metallic line 
section and the corresponding artificial line. It will 
be noted that there are large variations in these im- 
pedance components in the frequency range from zero 
to about 30 cycles per second, and they tend to become 
constant as the frequency is further increased. At 
the lower frequencies the effect of the distant terminal 
apparatus is, of course, large. Curves for non-loaded 
lines are similar except that at the higher frequencies 
the resistance is lower and the reactance higher. 

A feature which has an important effect on the 
quality of the received telegraph signals is the ‘“‘vibra- 
ting circuit”” which was devised originally by Gulstad. 
This circuit comprises two auxiliary windings on the 
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receiving relay, a condenser and two resistances as 
illustrated in Fig. 9. A current through the resistance 
branch of the vibrating circuit moves the relay arma- 
ture to the opposite contact when the effective operating 
current, in reversing, approaches zero value. While - 
the armature is passing between contacts, the con- 
denser in the other branch partially discharges through 
both windings in series, the discharge current acceler- 
ating the armature. As soon as the armature touches 
the other contact, a transient current completing the 
discharge of the condenser and charging it in the oppo- 
site direction holds the armature firmly against this 
contact until the operating current has had time to 
become large enough to assume control. The vibrating 
circuit therefore increases the sensitivity, reduces the 
time of armature travel, lessens chatter of the arma- 
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ture contacts and makes the operation of the relay 
more positive. Furthermore, the constants of the 
vibrating circuit are so proportioned as to minimize 
distortion of signals, the relay being caused to operate 
near the steepest part of the received current wave. 

The receiving and transmitting relays used in metal- 
lic telegraph repeaters are the 209-F A and 215-A re- 
lays, respectively, which are being described in a separ- 
ate paper. The former is a highly sensitive polarized 
relay, furnished with vibrating windings, whereas the 
latter is of the same general construction but less sensi- 
tive and has no vibrating windings. The 215-A relay 
is also used in the arrangements provided for facilitating 
‘breaking.’ In cases where a terminal repeater is 
operated between a eround-return circuit and a metallic 
circuit, relays of this type function as receiving relays 
for the ground return section. 
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The through-type repeater is a direct-point repeater; 
the armatures of sensitive polar relays, operated by 
the line current from one direction, repeat the signal 
(differentially through the windings of the opposite re- 
ceiving relays) into the other line in the opposite 
direction. A simplified diagram of this repeater is shown 
in Fig. 10. This repeater is a full-duplex repeater but is 
used on half-duplex circuits without change. As shown, 


Operators’ Office | 


Sounder | 


FIG: 


twv polarized sounders are provided for reading signals, 
and a telegraph key controls the operation of local 
neutral relays, designated monitoring relays, making 
it possible to send into either line independently, or 
in both directions at once. 

The terminal-type repeater is also a direct-point re- 
peater and is used to repeat signals between a metallic 
cable section and either a ground-return circuit or a 
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local circuit. Polarized sounders and other monitor- 
ing features similar to those in the through-type set are 


provided. The local circuit arrangements are de-~ 


scribed in detail in the next section. 


LOCAL CIRCUITS 


To avoid supplying battery at outlying points and 
to facilitate setting up and changing circuits which 
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have a number of stations in the same locality or have 
branches, a two-wire circuit or ‘loop’ is extended from 
the repeater office to each operator’s station. For 
the marking or closed condition the current is approxi- 
mately 60 milliamperes and for spacing it is zero. 

For full-duplex service the arrangement is simple, 
involving the use of a receiving loop and a sending loop 
as shown in Fig. 11. In the receiving loop the bat- 


Repeater Office 


Receiving 
Relay 


Sendin 


Note : M-marking 
S - spacing 


11— TERMINAL RepraTeR—FvuuLu-DupLex Loca Circuits 


teries are aiding when the line relay tongue is on mark- 
ing, and opposing when it is on spacing. Signals may, 
therefore, be received by the operator by means of an 
ordinary Morse (neutral) relay or main-line sounder. 
The sending loop is opened and closed by the oper- 
ator’s key in sending out signals. The sending relays 
are of the polar type and may be considered to have a 
biasing circuit which includes the battery connected 
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to the apex point, the lower windings and the artificial 
line. When the key is closed the effect of the biasing 
current is overpowered by the loop current, as the latter 
is twice as great. When the key is opened the biasing 
current moves the relay armatures from marking to 
spacing. 

For half-duplex service, a single loop is used for 
both sending and receiving as depicted in Fig. 12. 
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Signals are sent out in precisely the same manner as in 


full-duplex and do not affect the metallic line relay on 
account of the balanced duplex connection. The 
sending relays, although connected in the loop, are un- 
affected by received signals as they are differential as 
regards current from the receiving relay tongue. This 
is in fact a duplex connection, and it allows the working 
of the grounded side of the terminal repeater directly 
into a long circuit having a standard ground-return 
polar-duplex repeater at the distant station. A suit- 
able artificial line is provided for this purpose. 

To facilitate interruption of the sending operator 
by the receiving operator a “‘break relay” is also pro- 
vided, operating simultaneously with the sending re- 
lays. To understand its function, assume the key in 
the loop to be opened; as soon as a marking signal is 
received from the line, the sending relay armatures will 
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connection. In half-duplex the two local circuits are 
connected together with the loop in series, and at one 
repeater, batteries on the receiving relay contacts are 
reversed and the connections to the loop and biasing 
windings of the sending and break relays are inter- 
changed. 

Local circuit arrangements of the type just de- 
scribed make the metallic repeaters suitable for use in 
combination with the carrier-current and ground- 
return polar-duples repeaters used in the plant. This 
flexibility has been secured by designing the loop cir- 
cuits to operate with 60 milliamperes current for mark- 
ing and zero for spacing. Briefly, the flexibility neces- 
sary to permit of setting up long circuits with branches 
is in no wise sacrificed by the use of the several systems. 

The essential features of the circuit of the terminal- 
repeater are shown schematically in Fig. 13. 
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be moved to spacing due to the current in the bias- 
ing windings and the absence of current in the loop. 
The break relay at the same time connects marking 
battery to the spacing contact of the receiving relay 
so that no matter what signal impulses are subsequently 
received from the line the sending relays will be un- 
affected. If the break relay were not used, incoming 
signals would operate the sending relays and be re- 
peated back into the line, reversed. This would result 
in a slow and uncertain break. 

In using two terminal repeaters to connect. an oper- 
ator’s office at an intermediate point to a metallic cir- 
cuit, the loop or loops are connected in tandem between 
the two repeaters. In full-duplex the sending leg of 
one repeater is connected to the receiving leg of the 
other, and vice versa, with a loop in series with each 


operation. 
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SUPERPOSITION ON TELEPHONE CIRCUITS BY Com- 
POSITING 

In superposing the metallic telegraph on telephone 
circuits, the well-known “compositing”? method is 
used. This is based on frequency discrimination, the 
telegraph occupying the range below that of the tele- 
phone. For satisfactory results, the telegraph and the 
telephone arrangements, including signaling, as well as 
the composite sets, must be designed in conjunction 
with the line circuits so as to avoid serious interference 
between telegraph and telephone. Furthermore, the 
compositing means employed should have but little 
detrimental effect on the transmission of the three 
forms of communication operating separately, and 
must not upset the symmetrical circuit arrangement 
upon which freedom from external interference depends. 
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Interference from telegraph and telephone manifests 
itself in two ways. The first of these is telegraph 
“thump” which is the name given to a low-pitched 
noise in the telephone due to a small part of the tele- 
graph current passing through the telephone branch 
of the composite set and entering the telephone appara- 
tus. The thump, in addition to being audible, may 
effect the telephone signaling equipment to the extent 
of causing false rings. In addition to the thump at the 
transmitting end of the circuit, thump is produced at 
the receiving end by the vibrating circuit throu ‘h 
transformer action of the relay windings. In pro- 
viding protection from thump, both phantom and side 
circuits have to be considered. The second kind of 
interference is the flutter effect due to the fact that 
rapid changes in the telegraph currents momentarily 
increase the effective resistance of the loading coils, 
thereby varying the attenuation of the circuit at tele- 
phone frequencies. 
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The telegraph branch of the composite set (see Fig. 
14) consists of series inductance and shunt capacity 
and therefore offers to line currents of telephonic fre- 
quencies high impedance and attenuation. It has 
little effect upon the low frequencies required for satis- 
factory telegraph transmission, and at the same time 
sufficiently attenuates the higher frequency compo- 
nents of the telegraph waves to avoid excessive thump. 
In order that the telegraph branch may be effective in 
reducing thump voltages in the phantom circuit, the 
two windings of the retardation coil are made with a 
negligible mutual inductance, and the bridged capacity 
consists of two balanced condensers with the midpoint 
grounded. It has been found necessary to make this 
retardation coil of very stable inductance by using a 
comparatively large amount of iron, since a coil with 
less stable characteristics would cause excessive thump, 
due to the generation of harmonics. 


The telephone branch consists of series condensers 
and a low-inductance repeating coil or transformer and 
has high impedance and attenuation for line currents 
of telegraph frequencies, but has little effect upon tele- 
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phone transmission. It supplements the telegraph 
branch in reducing thump and also serves to limit 
mutual interference between telephone signaling and 
telegraph. The repeating coil is also used for deriving 
the phantom circuit in the usual manner. 

The composite set is sufficient to limit receiving-end 
thump to a harmless amount, but greater protection is 
necessary against sending-end thump. In order that 
the additional equipment for this purpose may have 
the minimum effect on telegraph transmission, it is 
placed in the transmitter branch where it affects out- 
going signals only. It consists of series inductances 
and bridged capacities to suppress the high-frequency 
components of the telegraph impulses as in the com- 
posite set; the mutual inductance of the coils is made 
small so that they may be effective in reducing thump 
in the phantom circuit. In single-commutation re- 
peaters, another coil is necessary in the transmitter 
branch to prevent excessive phantom circuit thump. 
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This coil is connected with its windings parallel-aiding 
as regards the phantom circuit and therefore is series- 
opposed or non-inductive for the metallic telegraph op- 
erating currents. An examination of the circuits will 
show that in double-commutation, operation of the 
telegraph impresses voltage on the phantom circuit 
only if the two transmitting tongues fail to operate in 
exact synchronism; in single-commutation, voltage is 
impressed on the phantom circuit by the normal opera- 
tion of the transmitter, since the telegraph current‘ 
being unbalanced, has a large longitudinal component. 

To preserve the duplex balance when using a com- 
posited line, a composite balancing set, consisting of a 
series coil and a bridged condenser, is provided for in- 
sertion in the artificial line branch as shown in Figs. 
10 and 13. 


To protect the receiving relay from interference from 
the 135-cycle current used for telephone signaling, a 
resonant shunt is bridged across the telegraph set on the 
line side of the receiving relay and a balancing shunt is 
bridged across the set on the artificial-line side. A 
single coil is made to serve for both of these shunts, 


one winding being placed in the line side and the other 
in the artificial-line side. 
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Twenty-cycle ringing current, which is used for sig- 
naling in the local terminal equipment of the telephone 
circuit, and operation of the telephone receiver switch- 
hook, give rise to transient currents which tend to harm 
telegraph transmission. To minimize this effect, a 
condenser is connected between windings of the re- 
peating coil. 

Since metallic telegraph repeaters are spaced about 
100 miles (160 km.) apart and telephone repeaters on 
many circuits about 50 miles (80 km.), means must be 
provided for passing the telegraph currents around the 
intermediate telephone repeaters. This is done by in- 
serting an “‘intermediate’’ composite set on each side 
of the telephone repeater and connecting the telegraph 
branches together through a “‘by-pass’’ set. 


windings, with or without a resonant shunt. 
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pose of this by-pass set is to keep the amplification 
characteristic of the telephone repeater from being 
affected by currents feeding back through the tele- 
graph branches of the composite sets from the output 
into the input of the telephone repeater. For four- 
wire telephone circuits, on which repeaters work with 
comparatively high amplification, it is necessary to 
bridge a shunt, resonant at about 135 cycles per second, 
at one end of the by-pass to prevent excessive feedback 
at 135 cycles per second and neighboring frequencies. 
It is grounded in the middle and two coils are provided, 
connected so that one will be effective for the side 
circuit and the other for the phantom circuit. For 


This 
arrangement is shown in Fig. 15. The intermediate 
composite set is very similar to the terminal composite 
set. The by-pass set consists of a retardation coil of 
high inductance and little mutual inductance between 
The pur- 
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two-wire telephone circuits the resonant shunt is 
unnecessary. 


EQUIPMENT ARRANGEMENTS 


The terminal-type repeater is assembled as a com- 
plete unit at the time of manufacture and therefore the 
installation work consists only in arranging the re- 
peaters in rows and connecting the line conductors, 
loops and batteries to the terminal strips. A typical 
installation is shown in Fig. 16. A terminal and a 
through repeater are shown in Fig. 17 and Fig. 18, 
respectively. 

A terminal repeater stands 62 in. (1.57 m.) high and 
occupies a space 14 in. (86 em.) wide and 12 in. (30 
em.) deep and weighs about 220 Ibs. (100 kg). The 
keyshelf is about 40 in. (1m.) above the floor. On the 
top of the repeater is mounted the operator’s 
“calling-in” lamp. 

The floor-mounted type of through repeater has the 
same equipment assembly for both the east and west 
sides and these are practically the same as the portion 
of the terminal repeater which operates on the cable 
section. The equipment in the right-hand section of 
the through panel is for repeating signals from the east 
line to the west line, and the left vice versa. This re- 
peater weighs about 230 pounds (105 kg.) and occupies 
the same space as a terminal repeater. 

The rack-mounted through repeater was developed 
after experience with the floor-type had shown how 
little monitoring attention was required. For that 
reason the repeater was simplified by the elimination 
of the line meters and monitoring apparatus. A unit 
termed a “monitoring unit’ is provided for a group of 
about seven repeaters, and it can be connected into 
any one repeater by means of cords and plugs. A rack- 
type repeater consists of three units, the relay and 
transmitter-branch unit, the balancing-composite unit, 
and the artificial-line unit. ach of these units con- 
sists of a steel panel with necessary apparatus, arranged 
for mounting on two upright standard I-beams, thus 
forming a “bay.’’ Generally there are four repeaters, 
or three repeaters and a monitoring panel per bay. Fig. 
19 shows an arrangement of repeaters on racks having 
a height of about 90 in. (2.3 m.). This type of repeater 
is upplied for single-commutation operation only, 
whereas both forms of “floor-mounted”’ repeaters are 
supplied for double-commutation operation. Con- 
siderable economy in first cost and maintenance is 
secured by the use of this rack-mounted equipment. 


OPERATION AND MAINTENANCE 

The metallic telegraph repeaters require compara- 
tively little attention on the part of repeater attend- 
ants. Under normal operating conditions one man 
takes charge of about 24 terminal repeaters or 40 
through repeaters. The duties of the repeater attend- 
ants consist mostly in maintaining satisfactory impe- 
dance balance of the artificial lines against the real 


lines. This balance is, of course, more exacting for 


386 


full-duplex operation than for half-duplex. The capac- 
ity balance varies only a slight amount. Variations in 
resistance balance are caused by temperature changes, 
the average daily variation being about 6 per cent. 
The differential milammeter is used as an indicator in 
determining the resistance and capacity values required 
to obtain a balance. 

The equipment maintenance work required for these 
repeaters is exceedingly small. For a typical installa- 
tion of 200 repeaters, the adjustment of relays and 
general maintenance will necessitate not more than 
four or five man-hours per day. 

The maintenance schedule for adjusting the relays 
is somewhat variable, depending upon the type of cir- 
cuit in which they are operating. In general, a 209-F A 
relay in a terminal repeater will give uninterrupted 
service for two to three months and in a through re- 
peater for four to six months. The 215-A relays are ad- 
justed about every three weeks when used as “break”’ 
relays and every six months operating as pole-changing 
relays. 


With proper maintenance the transmission of the 
metallic telegraph system is such as to furnish high- 
grade half-duplex manual service for distances up to 
2000 miles (83200 km.) or more. For the longer dis- 
tances, the signal propagation time is increased to an 
amount which makes the time required to “break”’ 
appreciable, but not objectionable. For half-duplex 
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printer operation the metallic circuits are satisfactory 
for speeds up to about 19 dots per second, which cor- 
responds to about 300 characters per minute for the 
start-stop type of printer. 

For full-duplex service, the metallic system affords 
very good transmission with manual operation for dis- 
tances up to 1000 miles or more. With careful main- 
tenance of duplex balances, such a circuit is satisfac- 
tory for full-duplex printer operation at speeds up to 
about 16 dots per second, corresponding to about 260 
characters per minute for start-stop printers and 385 
for multiplex printers. 

It is of interest to note that metallic circuits in cable 
are much more dependable and less subject to inter- 
ruption than open-wire circuits. Such data as are 
available indicate that the annual lost time on a long 
metallic cable circuit is only about one-tenth as great 
as that on a ground-return polar-duplex circuit of the 
same length over open wire. 


COMMERCIAL USE 


At the present time there are in operation in the 
Bell System about 55,000 miles (89,000 km.) of metallic 
telegraph circuits of this type of which 30,000 miles 
(48,000 km.) are worked on a composited basis. Ap- 
proximately 20 per cent of the total mileage is operated 
full-duplex. There are now installed in the plant about 
430 through repeaters and 1050 terminal repeaters. 
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A NEW TYPE OF SINGLE-PHASE MOTOR! 
(BERGMAN) 
Cuicago, Iuu., JuNE 27, 1924 

V. Karapetoff: An impression may be gathered from the 
paper that the power factor of the motor is improved because the 
squirrel-cage winding is highly inductive. It seems to me that 
the squirrel-cage winding necessarily has to be highly inductive 
so as not to interfere with the series characteristics of the motor 
at the start. If it were not for an additional mechanical compli- 
cation (Fig. 2), it would be better to make this winding less 
inductive at and near synchronism. A transformer diagram at 
constant current will readily show that the common flux is 
lagging behind the primary current at a non-inductive load more 
than at an inductive load. Therefore, the less inductive the 
squirrel-cage winding, the more the flux ¢y, is lagged behind J/ 
(Fig. 4). But the flux in 7 must be in time quadrature with ¢, 
in order that the total e.m.f. between the brushes be equal to 
zero. Therefore, lagging oy also causes ¢; and KH, to lag more 
behind J; in other words, it causes the vector of the current to 
come nearer that of the total voltage H. Thus, the power 
factor is improved even though the squirrel-cage winding has a 
high inductance, and the power factor would be improved more, 
if it were advisable to reduce the inductance of this winding in 
normal operation. 

E. Bretch: About twenty to twenty-five years ago when the 
single-phase motor business was developing, considerable trouble 
was experienced with off-frequency circuits. In those days the 
single-phase generators were comparatively small and were 
designed for hghting service. When motors were connected to 
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them, difficulty was experienced in keeping up the voltage and 
the generator was often speeded up to build up the voltage. 

Single-phase motors with a centrifugally operated device to 
change from repulsion to induction were in difficulty on these 
off-frequeney circuits, as they would short circuit the rotor at a 
fixed speed which on high frequeney would be too low for the 
motor to come up to speed, causing severe fluctuations on the 
line as well as annoyance to the motor user. In considering the 
problem of constructing a motor that would be responsive to 
slip rather than speed in making the change from repulsion 
to induction, the writer conceived the idea of using a rotor with 
both the repulsion winding and the short-cireuited winding 
permanently in circuit, the short-cireuited or squirrel-cage 
being “‘loosely coupled” so as to be inactive until near synchro- 
nous speed. 


During 1904 and 1905 several experimental motors were built 
and tested, and a patent (No. 848719) was issued to the writer 
April 21, 1907. This patent covered broadly the idea of a com- 
mutated winding at the surface of the rotor, a squirrel-cage or 
short-circuited winding beneath the commutated winding and a 
by-pass or leakage path whereby the magnetie flux would pass 
between the squirrel-cage and ecommutated windings at stand 
still, or low speeds, when the alternations of the flux were high; 
but at, or near synchronous speed the flux of ship frequency 
would penetrate the squirrel-cage and give the motor the con- 
stant speed characteristic. The squirrel-cage from its inductive 
relation to the commutated winding also eliminated the sparking 
at the commutator. 


During the next few years several hundred of these motors 
were placed in service, and were successful electrically and 
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mechanically. However, due to the prejudice, at that time, 


against single-phase motors with brushes in service continuously 
and to the fact that some people insisted “wrongly” upon mak- 
ing the no-load losses a criterion for judging the efficiency of the 
motor, this line of motors was later equipped with a short-cir- 
cuiting device and the squirrel-cage omitted. A description of 
these motors with the double-wound rotor was published in the 
Electrical World, July 1907. 

Various combinations and proportions are possible between the 
three elements of the combination, the commutated winding, 
the squirrel-cage winding and the magnetic by-pass. In the 
motors as originally constructed, the control of the flux in the 
by-pass was accomplished by proportioning the cross section of 
the iron in the magnetic bridge between the two windings, and 
depending on the saturation of the iron. 

Various other methods have been proposed, such as short- 
circuited loops encircling, or partially encircling the by-pass, 
making the by-pass of solid magnetic material and utilizing the 
choking effect of the eddy currents in the solid material, making 
the squirrel-eage conductors themselves of magnetic material, 
air gaps in the by-pass, as well as the one outlined by Mr. 
Bergman. The methods of using solid magnetic bars as a by- 
pass, and of leaving a thin bridge of iron in the rotor punchings 
between the two windings, have been in use for many years. 

As to commutation, Mr. Bergman’s statements are well 
founded. Only a few weeks ago, one of these motors with the 
double-wound rotor that had seen service for fifteen years, was 
returned forrepairs. The rotor was perfect, and the commutator 
not as much worn as would be expected on a direct-current 
motor of similiar age. 

As pointed out in the specifications of the above mentioned 
patent, the fact was then noted that the power factor was higher 
than that of the straight induction, but the reason for it was not 
understood. The problem had been to produce a sparkless 
motor that would change from repulsion to induction in response 
to slip rather than speed, with no particular thought of increas- 
ing the power factor. 

I have a test sheet, dated Jan. 17, 1907 of a 14 H. P. motor 
of this type, showing practically the same characteristics as 
Mr. Bergman’s tests: 


V. A. Fynn: A thing which strikes one in reading Mr. 
Bergman’s paper is his disregard of that which has been accom- 
plished by others. Others have worked on the very type of 
motor which Mr. Bergman now claims as new, have built such 
machines and have long ago published their results. 


The motor of Mr. Bergman’s Fig. 2 has a squirrel-cage and a 
commuted winding on the rotor but both of these windings are 
in the same rotor slots. Series conduction and induction motors 
so built were proposed many years ago by Lundell, they have 
no magnetic shunt or bridge between the two rotor windings and 
differ widely from the machine shown in Mr. Bergman’s Fig. 3. 
The laminations shown at one end of the squirrel-cage are not 
the equivalent of magnetic shunts. 

The motor of this Fig. 3 was patented in this country on 
September 2, 1907. See U. S. P. 848,719. The patentee, 
Mr. Edward Bretch, of St. Louis, has built and sold thousands of 
these machines and the fact that his patent is about to expire 
does not rob him of his priority. The motor shown by Mr. 
Bergman in his Fig. 3 does not differ from the Bretch motor in 
principle. There is nothing new about this machine. It differs 
from that of Lundell in that it provides a magnetic bridge be- 
tween the two rotor windings. 

In discussing the theory of the so-called repulsion motor, 
Mr. Bergman omits all consideration of the all important self- 
compensating feature of such machines. It is useless to go into 
this matter here since this point is fully explained, for instance, 
in my “Classification of Alternating Current Motors,’’ PRocEED- 
inas A. I. E. E., May 1915, page 972. Nor does Mr. Bergman’s 
theory take into account the fact that in the motor of his Fig. 1 
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the rotor ampere-turns are in excess of the co-phasal stator 
ampere-turns. 

The power factor of the Bretch motor is high at some loads 
because below synchronism both the squirrel-eage and the 
commuted windings contribute to the motor field, a condition 
which results in a retardation of the phase of the resultant motor 
field as against that of the motor field which the squirrel-cage 
alone would produce. Just how such a retardation affects the 
power factor of a single-phase motor was shown by me, for in- 
stance, in “A New Single-Phase Commutator Motor,” see 
Proceedings I. E. E., March 8, 1906. 

It would be interesting to know just how the ‘‘field winding’”’ 
of a motor, see page 3, column 2, line 13 from last of 
Mr. Bergman’s paper, can contribute “about one half of the 
output.” Field windings do not transfer energy. The fact is 
that the field winding of which Mr. Bergamn speaks, and which 
is shown in his Fig. 4 at 7’, does not exist. His motor is excited 
from the rotor and not from the stator as he supposes. 

I cannot see how the flux ‘‘which acts as self-induction”’ 
spoken of on page 4, column 2, line 16 from last, which must be a 
leakage flux merely linking with the two rotor windings, can 
possibly produce a torque available on the shaft of the motor. 

As to the short cireuit M in the path of any flux threading the 
magnetic bridge between the commuted and the squirrel-cage 
windings, this is by no means novel. I have patented such a 
shield on June 6, 1911, see U. S. P. 994,381 and similar means on 
November 28, 1911, see U. S. P. 1,010,135. 

I may further point out that I have done considerable develop- 
ing work in connection with single-phase motors having a 
commuted and a squirrel-cage winding on the rotor with a mag- 
netic bridge therebetween, producing different forms of series 
induction motors (Mr. Bergman would eall them “‘repulsion 
motors”) with an added ‘‘sunk” squirrel-cage and have fully 
discussed the theory of these machines. I refer to my several 
and old patents on this subject and to my paper “‘Single-Phase 
Squirrel-Cage Motor’ which describes a machine showing 
considerable advance over the Bretch motor. Among other 
features my motor shows leading power factor at no load and 
practically unity power factor at most loads. When operated 
without auxiliary or external phase-compensating means it 
exhibits a power factor very near unity over a considerable 
range of loads as evidenced by Figs. 15, 16, 22, 25 of the paper 
last named, see Procerpines A. I. E. E., October, 1915. 

Recently in discussing my paper entitled “A New Self- 
Excited Synchronous Induction Motor,” Mr. Bergman found 
fault with the presence of a commutator and notwithstanding 
the fact that the machine in question is compensated at all loads 
and that its commutator carries nothing but exciting current and 
unidirectional exciting current at that. Now Mr. Bergman 
advocates a motor which although it has a commutator is not 
compensated at light loads, is not fully compensated at any load 
and is of such design that the commutator carries load current 
of full line frequency. If the criticism he directed against my 
machine is justified, is it not obvious that the same objection 
applies to a prohibitive extent to the motor he now deseribes. 

P. M. Lincoln: The motor characteristics given in the 
paper, both the calculated and the observed, are very satis- 
factory. They show a very good shape of speed-torque curve, 
and I would like to ask about the commutation. Are they 
satisfactory in commutation, both at start and under running 
conditions, and how is that commutation obtained? 

They are so satisfactory in comparison with the standard 
squirrel-cage polyphase induction motors, that undoubtedly 
if they can be made at a cost comparative to the cost of the 
standard squirrel-cage motor, they would receive a large applica- 
tion in commercial practice. 

I would like to ask how about that cost. How much above 
the standard squirrel-cage motor will it be? 

Also, how large a motor can be made in this manner? 
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G. H. Garcelon: Mr. Bergman’s description of his concep- 
tion of this motor is very interesting to me, as it varies somewhat 
from my own experience a few years ago in carrying out the com- 
mercial development of a line of motors similar in principle and 
operating characteristics. 

Designers have long realized the more or less uncertain opera- 
tion and expensive construction of mechanically operated de- 


viees used to combine the desirable characteristics of two or 


-more types of motor, and have striven for a purely electrical 
means of securing such combination. 

For starting and accelerating, the series and repulsion windings 
were most suitable, with the repulsion type lending itself more 
readily to commerical use, because of the following 
characteristics :— 

1. Armature voltage is independent of line voltage, permit- 
ting reconnection of stator for different voltages without affect- 
ing the rotor winding. 

2. Armature voltage may be selected for best mechanical 
and electrical design. 

3. Simplicity of brush rigging. 

For running, the squirrel-cage induction winding was most 
desirable because of its close speed regulation and mechanical 
simplicity. 

Considering also the well known generating characteristics 
of the induction motor above synchronous speed, these two types 
of winding seemed to be ideal for combination except for the fact 
that their starting characteristics were normally antagonistic; 
as the squirrel cage would draw large currents at standstill and 
set up a field in opposition to the normal repulsion-motor field, 
ereatly reducing, if not entirely annulling, the desirable starting 
characteristics of the repulsion winding. 

The problem then seemed to be that of minimizing the effect 
of the squirrel cage at starting, and using it as much as possible 
after the rotor attained speed. 

It was appreciated that the high-frequency rotor flux at 
starting could be damped to a great extent by using a high- 
reactance squirrel cage, and that the circular rotating field 
produced by the repulsion winding at synchronous speed would 
induce a low frequency in the squirrel cage which would mini- 
mize its reactance and cause it to develop appreciable running 
torque. 

Experiments with various means of accomplishing these 
results proved the correctness of the theory, although several 
presented structural difficulties. 

In order to secure power factor compensation to the marked 
degree shown in the paper, abnormally large magnetic parts are 
required so that saturation may be avoided. 

By alterations in rotor design this type of motor lends itself 
to a variety of speed-torque characteristics and still maintains 
the other general characteristics mentioned by Mr. Bergman. 

A line of motors of this general type, having a somewhat droop- 
ing speed-torque curve, has been on the market for three or four 
years and has been giving excellent service on such applications 
as pumps and compressors as well as in general service. 

H. C. Specht (by letter): The motor with such a per- 
formance as described will necessarily be somewhat larger in 
dimensions than the ordinary repulsion-starting induction- 
running type. It also seems to me that the mechanical construc- 
tion of the rotor laminations is such that very expensive equip- 
ment will be required and the punching cost will be high. 

During the development of a similar motor various rotors were 
used, and it was found that those having a high reactance and 
low resistance in the squirrel cage showed a break in the speed 


curve at lower torques than those with relatively higher resistance 


and lower reactance. It was also found that the high-reactance 
rotors showed higher current and lower power factor at light 
loads than did the rotors of relatively higher resistance. How- 
ever, the low-resistance rotors showed better speed regulation 
with better efficiency and power factor under overload conditions. 
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This only goes to show the variations of some characteristics at 
the expense of others, and indicates the possibility of consider- 
able choice in performance. : 

The improvement in power factor due to the use of the squirrel- 
cage winding with low resistance and high reactance becomes 
effective only after the load has caused the speed to drop below 
synchronism, whereas above synchronism the reverse effect is 
true. Therefore, it is not desirable to keep the speed of the motor 
above synchronism over a very large portion of the operating 
range. There is really very little object in comparing the power 
factor with that of a straight repulsion motor as this type is not 
suitable for general application. If we compare the power 
factor of this motor with an induction motor having a short- 
circuited armature winding, the increase in favor of this type of 
motor is very marked due primarily to the lack of cross-field 
magnetizing current being reflected in the primary. 

Mr. Bergman points out that the thin metal strip in the slit 
between the two windings improves the commutation under 
running conditions, and this is no doubt true, but, inasmuch as 
it is a very easy matter to secure excellent commutation near 
synchronous speed and the metal strip decreases the starting 
torque to some extent, as well as slightly increases the losses, it 
would seem to be an undesirable addition. 

William Cramp (Communicated after adjournment): With 
reference to the article by Mr. S. R. Bergman in the JouRNAL 
of the A. I. E. E., July, 1924, it may interest your readers to- 
refer to the Journal of the London I. E. E., Vol. 57, page 287, 
wherein I think they will find the prototype of Mr. Bergman’s 
new machine. 

Several motors working on this principle were designed and 
sold about 1904, but by his ingenious addition of metal plates in 
the slot openings to improve commutation, Mr. Bergman has 
undoubtedly improved the machine, especially when it is required 
for large horse power. The original motors gave no trouble at 
all as far as commutation was concerned, but they were built 
chiefly for driving fans, where the starting conditions are easy 
and the power comparatively small. I should like to add that 
my experience with these motors showed that the fall in speed 
from nothing to full load was a good deal more than that of the 
ordinary induction motor. It is difficult to tell from Fig. 8 of 
the JourNAaL what the regulation on Mr. Bergman’s machine is 
like, and it would be interesting if he could give further informa- 
tion on this point. 

S. R. Bergman: In regard to Professor Karapetoff’s state- 
ment, I pointed out in my paper that the reason for the good 
power factor in this motor was the action of the squirrel cage 
which is rather curious due to the fact that this squirrel cage 
possesses a high reactance. Professor Karapetoff is correct in 
his statement that the motor characteristics would be even 
better during running conditions if the squirrel cage possessed 
less reactance, a fact which I believe is illustrated in my paper by 
the description of the first motor having an adjustable reactance 
of the squirrel cage, this reactance being great in starting and 
low in running. Thus, I believe that Professor Karapetoft’s 
conclusions are in full accord with the theory given in my paper. 

Mr. Bretch has contributed a very interesting discussion show- 
ing that he, at a very early period, had some quite interesting 
ideas. Of course in the light of our present knowledge it may be 
readily understood why the motor built in accordance with the 
Bretech patent was abandoned. 


The motor which is described in my paper is mechanically and 
electrically something quite different from the Breteh motor. 
It is, in my judgment, not possible to satisfactorily control the 
flux in the by-pass by proportioning the cross section of the iron 
between the two windings so as to depend upon the saturation of 
the iron for results. 


Mr. Fynn discusses the novelty of this motor at some length, 
referring particularly to the Bretch patent. He forgets however, 
the very important fact that the Bretech motor has been dis- 
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anne Bis 1 Ae The motor proposed by Lundell Tam 
th, ut it seems from Mr. Fynn’s deseription to be 
substantially different in principle. 

Mr. Fynn seems to severely criticise the theory given in my 
paper. I wish to suggest that Mr. Fynn read the paper giving 
the details of the theory, which was presented at this Convention 
by Mr. West, entitled: ‘‘The Theory of the Squirrel Cage Re- 
pulsion Motor.”’ Mr. West’s theory is based on the general 
equations for the alternating current motor, single or polyphase, 
as first published by Steinmetz. Mr West’s theory is carried 
out in complex quantities and agrees with the few graphical 
illustrations I have given in my paper. Results of careful tests 
at all speeds for both rotations, cheek our theory surprisingly 
closely. It seems therefore, plausible that such a theory is 
correct and it has well served our purpose of predetermining a 
complete line of motors of this type, which has recently been put 
on the market by the General Electrie Company. 

Mr. Fynn further states that the two windings into which we 
have resolved the field winding, do not exist and furthermore 
that field windings do not transfer energy. I wish to point out 
that we have built motors with two field windings and by in- 
serting wattmeters in these windings it is an easy matter to 
check our theory. 

Mr. Fynn also states that he cannot see how the flux, which 
acts as self induction, can possibly produce torque. The flux 
which penetrates the space between the two windings of the 
armature may be considered leakage flux with respect to the 
squirrel cage winding and mutual flux with respect to the repul- 
sion motor winding. This is in accordance with the general 
accepted views on leakage and mutual flux. Hence, the flux 
which acts as self induction with respect to one winding, acts as 
torque producing with respect to the other winding. 

Mr. Fynn also seemed to criticise the name of “Repulsion 
Motor’ which I have given to the commutated winding. The 
brushes on this winding are short circuited and therefore, con- 
form to that type of machine which was first brought out by 
Professor Thomson and ealled by him ‘“‘Repulsion Motor.” Pro- 
fessor Thomson’s contribution in inventing the repulsion motor 
is one of the most notable contributions to the electrical art and 
in recognition of this contribution I think we should maintain 
the name ‘‘Repulsion Motor.” 

Finally, Mr. Fynn has again brought up for discussion, his 
paper called ‘““A New Self Excited Synchronous Induction 
Motor.” This paper, which was presented at the Spring Con- 
vention in Birmingham, Ala., describes a polyphase induction 
motor possessing a commutator as well as slip rings having two 
armature windings in addition to two field windings. I merely 
have pointed out that in the case of polyphase motors which do 
not need to depend upon a commutator for operation, 1t cer- 
tainly is a complication to add a commutator as well as slip 
rings, as well as four separate windings. A polyphase motor 
starts very satisfactorily with a squirrel cage and all these com- 
plications have been added to a polyphase motor in order to 
improve the power factor. As is well known, a single phase 
motor is not self starting, hence there is a good reason in order to 
start such a motor, to add a compensator. I wish to emphasize 
that in my motor the armature possesses only a single wire wind- 
ing and the field also only a single winding. Furthermore, my 
motor does not possess any slip rings. It is therefore, obvious 
that this new single phase motor is much simpler than Fynn’s 
polyphase motor. 

Turning now to Mr. Lincoln’s inquiry as to the commutation 
in this motor, the theory of commutation is given at some length 
in my paper. The commutation in this motor is perfect during 
running conditions and as stated, is as good as that of a direct 
current motor with commutating poles. The reason for the good 
commutation is the fact that the motor runs near synchronism 
and the leakage flux is damped out by the squirrel cage and the 
metal wedges. The effect of the squirrel cage and these metal 
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wedges is therefore, similar to the action of commutating poles in 
a direct current machine, since both of these devices take care of 
the self induction of the coils undergoing commutation. 

As to Mr. Lineoln’s inquiry about the cost of this type of 
motor, I may state that the material is efficiently utilized and that 
due to the simple mechanical arrangement of the windings, the 
process of manufacture is attractive. : 

; As to how large a motor we can build in this manner is a ques- 
tion which is rather difficult to answer. There is nothing in the 
theory of this motor which would indicate that size would be a 
limiting feature, which I believe will answer Mr. Lineoln’s 
question: 

Mr Gareelon states that a few years ago he brought out a line 
of motors similar in principle and operating characteristics 
to this new motor. I believe Mr. Garcelon is referring to a 
motor built on the principle of using a squirrel cage in the same 
slots as the repulsion motor, this squirrel cage consisting of high 
resistance magnetic bars. This motor will give quite different 
operating characteristics from the motor I deseribed. I go so 
far as to state that, in my opinion, the underlying principle is 
dissimilar in these two motors and the operating characteristics 
certainly justifies this statement. 

There is one statement made by Mr. Specht which I wish to 
briefly touch upon. Mr. Specht states that the metal strips de- 
crease the starting torque and the core loss and furthermore, as 
it is an easy matter to secure perfect commutation near synehro- 
nism it would seem undesirable to add these wedges. Of course 
before standardizing such wedges we built numerous motors of 
identically the same design with and without such wedges. The 
efficiency and the starting torque showed no difference, but the 
commutation was markedly different inasmuch as the omission 
of these wedges made the commutation unsatisfactory. I 
agree with Mr. Specht that these wedges introduce small addi- 
tional losses but as they improve the commutation, the com- 
mutation losses are eliminated and thereby counter-balance the 
losses in the wedges. Therefore, this is the explanation why the 
efficiency is not affected by these wedges. 


SENSITIVE RADIO-FREQUENCY RELAY! (Lewis) 
CuicaGo, Inu., JuNE 25, 1924 
J. Slepian: The device described by Mr. Lewis has several 


distinct elementary parts performing rather distinct functions; 


‘there are the filament and grid, giving the usual detector action, 


there is a thermally responsive element and there is a contact 
which opens and closes. 

A pertinent question seems to me to be whether anything is 
gained beyond compactness in this rather ingenious combination 
of all these elements, and whether it is necessary to sacrifice 
the best performance of some of the individual elements for the 
sake of getting this compactness. 

Now it does seem as if the detector action of the tube has to 
be modified. A standard plate surrounding the filament in 
the usual way cannot be used because that would give too large 
a volume for the thermally responsive part. Instead a very 
small plate must be used and thus a detector element of higher 
impedance than the standard tube results. There appears 
then to be some disadvantage here. On the other hand if one 
tries to separate the two functions, and use standard thermionic 
tube to deliver electrical power into a thermally responsive 
element, great difficulty will be encountered in constructing a 
thermally responsive element with sufficiently high resistance 
to work with an ordinary tube. 

By having the michrome ribbon heated directly by electron 
bombardment, ’a thermal element results which has a high 
impedance. There is therefore considerable advantage in the 
combination. 

I would like to call attention to some points with respect to 
the operation of contacts in high vacuum. At first sight it 
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would seem that a very great advantage is to be obtained by 
working contacts in a vacuum. In a high vacuum an are is 
impossible, and since the principal trouble with contacts which 
handle any considerable power is the destructive arcing by put- 
ting the contacts into a vacuum one would expect to eliminate 
the are and to be able to handle tremendous power for an indef- 
inite time. : 

This argument seemed so plausible to me that a number of 
years ago I actually carried on a considerable number of tests 
on contacts opened and closed in vacuum. These contacts 
were opened and closed by magnetic means, not by the method 
shown here. The results I obtained were very disappointing. 
After working on it quite a bit I arrived at the following under- 
standing as to why better results were not to be expected. 


As a contact is opened, the area of contact reduces very 
rapidly from a finite area down to a very small value. Just 
at the last moment of break, the resistance of the contact goes 
up enormously, and the voltage of the circuit begins to concen- 
trate on it, so that whatever the voltage of the cireuit is it will 
all act on this last contact. 


It is not very difficult to calculate the temperature rise at a 
point of contact between two materials when a voltage is ap- 
plied to it. As I remember the figures, the formula comes out 


2 
——., where E is the voltage, K the heat conductivity and p 
33 K p 

the electrical resistivity. Taking the heat conductivity of the 
metal as unity, and 107° as the resistivity, for 1 volt, we get 3000 
degrees. That is, the last point of contact, for one volt in a 
circuit, will be necessarily raised to 3000 degrees. Hence, there 
must be melting of the very last point of contact, and for the 
heavier currents that I dealt with in my own experiments I 
found that the contact soon roughed and became useless after a 
few operations, since it was impracticable to apply heavy 
mechanical pressure in the vacuum. Furthermore, the volatil- 
ization of metal spoiled the vacuum and permitted ares to flow. 


HIGH-VOLTAGE IMPREGNATED PAPER CABLES! 
(Det Mar anv Hanson) 
Curtcago, Inu., JunE 27, 1924 


D. W. Roper: A point which should be more prominently set 
forth is that as the operating voltage of a cable increases, the 
quality must improve. What is needed at the present time is 
some method of measuring the quality of the insulation and 
determining the maximum operating voltage for which a given 
quality of cable is suited, and to which it should be limited. 
There are also needed some other tests to be applied to cable at 
the factory in order to determine whether it will be satisfactory 
for the service for which it is intended. Apparently some 
further research as well as co-operation between the manufactur- 
ing and operating companies is needed in order to develop the 
proper tests for this purpose. 

W. F. Davidson: The authors refer to the difficulties 
experienced a few years ago on the use of very stiff impregnating 
compounds and the resultant formation of voids when the cable 
was bent. They imply that this difficulty has been entirely 
avoided by the use of lighter compounds but I am of the opinion 
that their statement is a little too optimistic. Some day we may 
reach the point where voids are not developed by bending. 

The authors call attention to the fact that many of the 
phenomena associated with air films in cables cannot be fully 
explained on the simple hypothesis that ionization. results 
from a stress in the air film K times that in the solid por- 
tions of the dielectric. This is a natural consequence of the fact 
that the air films are not infinite in extent but really are of com- 
paratively small area so that creepage phenomena play an im- 
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portant part. A number of very interesting possibilities are 
suggested by the considerations of stress distributions with 
alternating fields and with continuous fields. Some theoretical 
work has already been started and experimental work has been 
mapped out. Until more is known of the values of the numerous 
physical constants it will be impossible to complete studies 
along this line. 

A rough shop method for determining solidifying point 
of compound is described. Rather more consistent results 
can be obtained by taking the temperature-viscosity curve 
by means.of a MacMichael viscosimeter, This instrument 
gives results of very satisfactory precision with a minimum 
of observational error. Probably in point of time it is rather 
faster than the method described in the paper. Studies of a 
considerable number of cable samples have indicated the pos- 
sibility of getting the temperature-viscosity curve over a wide 
range from three or four points after the general characteristic 
has been determined. 

The authors inferred in their paper that 


R. A. Paine, Jr.: 


if an air film can be maintained at low pressure, they are thus 
able to get a flat power-factor characteristic. I would be glad 
if the authors would be able to give us some data or results of 
any experiments that they have been able to make along that 
line, as it would seem that it would be almost impossible to 
maintain this air film at low pressure. 

The authors speak of the ratio of oil to paper as a means 
of determining saturation. I am glad to note they say they 
are going to do some further research work along that line in 
order to get a better method of determining the degree of sat- 
uration. It seems to me that they are Missing one point, and 
that is what we really want to know is if the complete vol- 
ume inside of the cable is filled. What we really ought to 
have, I believe, is the total volume, and then take into account 
the total amount of paper and the total EMuoTFish of oil in it 
rather than work on a ratio basis. 


There are at least three of the American cable manufacturers 
now who can make cables with almost no wrinkles, practically 
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none, and I think within the next year we ought to be reasonably 
sure of getting cables that will have no trouble standing up in 
operation over a period of years. 

H. Halperin: I wish to emphasize the remark of Mr. Del 
Mar, that there is a very urgent need for securing uniformly 
good cable insulation. In a 10-mile line of three-conductor 
eable with 350,000 cir. mil. sector conductors, there are about 
29,000 sq. ft. of copper surface from which a failure might occur; 
and defects in a comparatively very small per cent of the total 
insulation can easily result in poor operation. In dissecting 
test and service failures of 13-kv. and 35-kv. cable in Chicago, 
the insulation immediately adjacent to the failure has frequently 
been found radically different in construction and impregnation 
from the remaining portion of the same length. 


In connection with the carbonized tree patterns that were 
found by Mr. Del Mar, we have found that these also a, peared 
in the endurance tests at 127-kv., three-phase on the three- 
eonduetor, 35-kv. eable. In the illustration shown herewith, 
these designs were taken from the conductor insulation in a joint 
2 in. outside of the belt. Usually the carbonized patterns in the 
eable were most pronounced at or near the apex of the sector, 
that is, the portion pointing toward the center of the cable. The 
most pronounced formation of these tree patterns was found in 
eables which withstood the test for the longest time. 


The authors state that the compound ‘‘X”’ has been found in 
the outer conductor insulation and inner belt insulation. Fre- 
quently in three-conductor, 35-kv. cable we have found it 
throughout the conductor insulation and in some eases the 
formation was most marked adjacent to the copper. 


In the latter part of the-paper a curve of power factor against 
temperature for a cable with 15 per cent rosin in its compound 
shows the power factor at 80 deg. cent. to be over 9 per cent; 
and the discussion is to the effect that the presence of rosin 
materially affected the critical temperature in cumulative heat- 
ing. This effect is negligible with the many European cables 
being made and which have been made, with higher percentages 
of rosin than 15 per cent and power factors about half or less 
than those shown in the curve B for temperatures of 60 and 
80 deg. cent. 

E. R. Thomas: I would like to contribute a little discussion 
to the paper by Messrs. Del Mar and Hanson. We have made 
some tests in New York of high-potential stresses on impregna- 
ting’compounds. J will give somewhat of a resumé of our tests. 
We used some special glass test tubes, the outer diameter of one 
being a few mils less than the inner diameter of the other. In 
the larger test tube was put a small quantity of mineral oil, 
heated very slightly, enough to form a liquid state, dropped the 
other tube inside and in that way obtained a very thin film of 
impregnating compound. This was subjected to a high-voltage 

gradient by putting a mercury electrode in the inner tube, im- 
mersing the outer tube in salt water and then applying a high 
potential between electrodes. 

The visual phenomenon which occured when putting this under 
stress was a very light corona discharge in the tube. There was 
no occluded air in this very thin film which would be quite 
readily discernable by holding it to the light. After this had 
been on test for some two hours, some changes went on. We had 
sealed the tube at the top with a small rubber balloon which 
became inflated and thus gave evidence that some gas was given 
off. The noted change occurring in the oil was that it goes over 
to a state of solidification and from its resemblance we had 
termed it Swiss cheese. It changes from the oil, which is amber, 
to a rather yellow waxy substance with numerous void spaces 
in it giving a Swiss-cheese appearance. 

Several batches of this were run until we had a sufficient 
quantity to make a breakdown test. This was melted into an 
oil cup, and, by the way, goes back to a waxy substance after 
being melted. The breakdown test showed that there was no 
practical difference in breakdown strength from the original 
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compound. We also have found that by modifying a mineral 
oil compound with some other things this changeover in sub- 
stance can be somewhat lessened and I believe that there is a 
considerable field of research open in this line. 


H. F. Randolph: The results obtained by Messrs. Del Mar 
and Hanson on overstressed cables are particularly interesting, 
since we have noticed a great many of these points in our in- 


vestigation in the after-performance of underground cables in 
the past year. 


It appears that dielectric loss in high-voltage paper cables 
has been reduced to a minimum and is no longer a controlling 
factor. It would be interesting to know if any other qualities 
were sacrificed in order to accomplish this. 


The authors state that although very high voltages are ob- 
tained on samples of three-conductor cables, it is practically 
impossible to break them down in laboratory tests, but. still 
failures occur in actual operation of these same types of cables, 
although operating conditions previous to, and at the time of, 
failure are apparently normal. We have examined samples of 
cable adjacent to some of these failures and have noticed a similar 
condition to that mentioned by Mr. Del Mar, the perforation of 
the layers of paper, but we have not noticed any tree designs. 
It would be interesting to know the approximate voltage that 
would be apt to cause this condition. 


I would also like to ask the question as to whether a percentage 
of rosin-oil compound mixed with a mineral-oil compound would 
have any decided effect on the life of the cable. 


A. H. Kehoe: I think the real value of the so-called power- 
factor test is not brought out in the Del Mar-Hanson paper. 
The test consists in the change in power factor on test samples of 
cables with an increase in voltage of the proper amount. It may 
be true, as stated in the paper, that the curve of power factor 
increases, diminishes, or stays constant, with a certain line of 
material, but after a certain kind of cable is brought through a 
factory and this characteristic determined, there is but one 
thing that changes the quality in the cable and this resolves 
itself into “‘air’’ in the cable. With an increase of air ina cable 
the power-factor curve will be increased over the normal charac- 
teristic as soon as the ionization point of the air is arrived at on 
increasing the voltage for the power factor test. : 


In the same paper there is described results of tests at two 
and one-half times normal working stress. It should be 
realized that the power-factor test intended to indicate the 
presence of air by change in power factor is not a matter of 
normal working stress on the cable. It is a matter rather of 
stressing the cable insulation up to certain definite values where 
air (if it be in the insulating structure) will be ionized. This 
becomes a matter of physical dimensions and properties of the 
insulation and has no definite relation to normal working stress. 

In reference to the theory of ionization the following statement 
is found on the third page of the paper by Messrs. Del Mar and 
Hanson: “It is our opinion that this theory is not complete and 
requires a new interpretation; and we believe that the surface 
leakage phenomena described, suggest the necessary modifiea- 
tion.’ The surface leakage phenomena mentioned in the above 
statement refer to the characteristic fern-leaf discharge path 
between paper wrappings, frequently, if not always, found after 
subjection to high-potential test, that is, a stress considerably 
higher than normal. 

The configuration of this type of discharge is typical of all 
high-frequency discharges, such as lightning, static discharge 
over insulators, ete. It is the result of a destructive groping or 
reaching about for the weakest path, which in this case happens 
to be along the paper surfaces. The high impedance at these 
very high frequencies is the cause of these discharges not being 
directional. They do not necessarily follow air or gas pockets 
but actually form their own pockets by generation of gas as they 
travel along. 
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Apparently, Messrs. Del Mar and Hanson have confused the 
above phenomena with the slow, steady glow discharge which 
occurs in gas pockets at lower voltage stressing and constitutes 
the true ionization with which cable engineers are concerned. 
The effects of this are much more gradual and the range of travel 
much more limited. The result is a slow chemical change or 
disintegration, not necessarily accompanied by charring. It is 
more to be feared than the first-mentioned phenomena, for it 
might oceur at normal operating voltage, while the first, as far as 
my observation has gone, always requires considerable over 
stressing. 

This second type of discharge did not escape their observation 
for they give a very accurate description of its effects. Their 
explanation, suggesting the formation of fatty acids, seems very 
reasonable and probable. There is not a sufficient quantity of 
nitrogen present to form nitro products. 


The various methods of factory test and control they deseribe 
are now being followed by most, if not all, of the cable manufac- 
turers. Most of these have proved reliable guides to a better 
quality cable. A few have not. In particular, no reliable test 
has yet been developed to determine the degree of impregnation. 
The method of extraction with carbon tetra-chloride or other 
solvents has not proved satisfactory. So far, the old method of 
visual examination and expert judgement has not been 
displaced. 

I was very much interested in their characteristic “breakdown 
versus time” curve, given in Fig. 15, and fully agree with their 
statement that such curves are of no value in determining ulti- 
mate life at normal voltage by extrapolation, due to the fact 
that other factors of a deteriorating nature enter into action as 
time goes on. 


C. F. Hanson: I should like to make a reply to Mr. 
Halperin’s statement regarding the last part of the paper, 
referring to Curves A and B. We do not say it is not possible 
to secure lower power factors using rosin than are given by 
Curve A, nor do we say that we always need to get as high a 
power factor as given by Curve B. These curves were given 
simply to show the relative values when we do and do not use 
rosin. They are the results of three cables, all treated identic- 
ally, the same oil being used, only that in one case 15 per cent 
of rosin was added; while in the other cases, no rosin was 
added. 


The data were obtained some years ago when oil refineries 
had not developed in refining petrolatum the technique 
applied today. With present-day oil, lower power factors 
may be obtained than those shown in Curves A and B. 


Wm. A. Del Mar: Mr. Roper is right in pointing out that as 
the operating voltage of a cable increases, the quality must 
improve. The term ‘quality,’ however, is a somewhat in- 
definite one and should not be interpreted as applying to all of 
the characteristics of the cable. Some discrimination is re- 
quired to determine which characteristics should be improved 
as the voltage increases. For instance, the quality of the 
paper as set forth in ordinary specifications should be decreased 
rather than increased for higher voltages. By this I mean 
that more or less wood pulp should be allowed. Similarly, 
flexibility requirements should be reduced rather than inereased 
in the case of high-voltage cables so as to permit the use of 
materials of greater dielectric strength at the expense of the 
mechanical qualities. 

It is also quite possible that the dielectric loss should not be 
too low in cables for very high voltages in order to give an 
opportunity for the dissipation of local transients in the insula- 
tion. The main quality which requires to be improved as the 
voltage is raised is the saturation, with special reference to the 
elimination of air. 

Since the paper was written, an apparatus has been developed 
by our laboratories, for measuring saturation as a ratio of air to 
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insulation by volume. It consists of an inverted funnel with a 
graduated -closed-top tube. This is filled with water, placed ina 
jar of air-free water with a section of cable about an inch thick 
under it. The jar is then evacuated and the vacuum main- 
tained over night. This results in sucking the air out of the 
cable and causes it to collect in the tube of the funnel. The 
vacuum is then broken, causing the air in the funnel to contract 
to its atmospheric volume. The displacement of the cable is 
noted, its copper and lead removed, and their displacement 
noted. The volume of insulation is the difference between the 
displacement of the cable and that of the combined copper and 
lead. The saturation is expressed as the ratio by volume of air 
to insulation. The insulation is then examined under water to 
make sure that all the air has been removed. There is an 
error which it seems impossible to eliminate, namely that air is 
sucked from the strands as well as from the insulation, so that 
if the interstices between strands are not well filled, the in- 
sulation will be debited accordingly. This, however, has not 
affected the practical usefulness of the device which is now in 
regular use for control tests. 

Mr. Thomas has described experiments which, he says, have 
enabled him to produce a yellow, waxy substance with numerous 
voids, merely by exposing mineral oil to a strong electrical field. 
We have repeated the experiment and obtained the same re- 
sults. The material, as stated by Mr. Thomas,m elts and has 
the same electric strength as the original compound. The 
reason for this is that it is the original compound, the changed 
appearance after the application of stress being due merely to an 
emulsification. Mr. Thomas’s experiment did not result in 
producing the material referred to as X in our paper, as this 
latter cannot be melted. It is neither fusible nor soluble in any 
Chemical analysis shows it to be free of 
nitrogen and to contain a very small quantity of oxygen. Re- 
search work is now under way which, it is hoped, will lead to 
its chemical identification. 


In reply to Mr. Randolph, the tree patterns are readily formed 
at three-fourths of the short-period breakdown voltage. The 
addition of rosin-oil compound to mineral-oil compound does 
not improve the life of the cable. 


An important difference between our leakage tree patterns and 
the steady glow of ionization described by Mr. Kehoe is that the 
former are matters of visual observation, whereas the existence 
of the latter is known only by theoretical deduction. Mr. 
Kehoe says that tree patterns are the result of destructive 
groping or reaching for the weakest path. We are entirely in 
accord with this but believe that the weakest path must be 
along the air pockets because air ionizes at a much lower voltage 
than oil. 

In conclusion, I would take some exception to: the general 
tendeney of some of the speakers to assume that American 
cable manufacturers have not kept up with the general progress 
of electrical industry. It should be remembered that they have 
been laboring under a handicap unknown either to other branches 
of electrical industry or to cable manufacturers in other coun- 
tries. I refer to the tendency of American cable users to put 
into their specifications clauses, the undue emphasis of which is 
entirely irrelevant to the proper performance of the cables but 
which forces the manufacturers into competition on unes- 
sentials rather than allowing them to concentrate their efforts 
on factors of major importance. Principal among these ir- 
relevant requirements have been excessive flexibility and ex- 
cessively low dielectric losses. Another requirement of the 
same character which is now assuming prominence is the so- 
called ionization test. 

If the American manufacturers succeed in making cables 
which pass American specifications and have characteristics as 
good as the best European cables, they will have accomplished 
an infinitely more difficult task than the Europeans have done, 
and this goal has actually been reached by some of them. 


: 
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Discussion at Pacific Coast Convention 


THE CORONA AS LIGHTNING ARRESTER! 
(WHITEHEAD) 
Pasapena, Cau., Ocroper 14, 1924 


F. W. Peek, Jr.: Ina paper that I presented at Swampscott 
last year I described some tests in which the variation of the 
steepness of the wave front and the voltage of a wave were 
measured as it traveled along a line on which there was consider- 
able corona loss. 

It is not necessary to repeat this description here. Briefly, 
the tests show that the voltage and steepness of the wave rapidly 
decrease as the wave travels over the line. In this work the 
effects of choke coils, capacity, open-ended lines, series resistance, 
ete., were also investigated. 

The method of making the tests was simple. Some years ago 
I found that the sphere gap measured the correct voltage of a 
transient while the needle indicated a voltage that depended 
upon the steepness of the wave. The ratio between the needle 
and sphere voltage was called the impulse ratio. The character 
of the wave is determined by making measurements by sphere 
and needle at different parts of the line. 


There is no doubt that corona and other losses reduce the 
voltage of the wave and the steepness of the wave front as it 
travels over the line. 


John C. Damon: Lightning arresters for high voltages 
have been remarkably expensive and if the transmission line 
could be the lightning arrester too it apparently would save all 
of the arrester expense: The trouble is, however, that the 
transmission line has to be designed to carry the load, to prevent 
corona from giving too much loss, to give reasonable regulation 
and to string at such a tension that the towers will not be un- 
duly expensive. These are not independent variables. It has 
recently become possible to get cable with the outside diameter 
independent of the cross section of the conductor which will 
doubtless permit the future design of lines to act as lightning 
arresters in addition to their other functions. 


V. Bush (by letter): The influence of corona on traveling 
waves is an exceedingly interesting topic, and I greatly appreciate 
the courage of Dr. Whitehead in making a mathematical attack 
on the problem. In such a complex phenomenon it is of course 
necessary to make some limiting assumptions in order to make 
it possible to formulate the problem at all; and it is hardly just 
to be too critical of mathematical short cuts when employed in 
connection with such a difficult matter. Yet I feel that he will 
agree that a discussion of the nature of his assumptions, and of 
the logic employed, will be of assistance to those who are inti- 
mately interested in this subject. 

Dr. Whitehead represents the effect of corona as a constant 
ohmic leakance. Of course its effect is really eyclic in nature and 
complicated in many ways. As is so ably considered by Prof. 
Ryan and Prof. Henline, there is a hysteresis effect, so that 
corona leakance cannot be expressed even as a discontinuous 
function of voltage alone; but the function, if it can be formu- 
lated, must contain the time also. It has also been considered 
by some that there is also a cyclic change in capacity due to 
to corona, but in view of later work, and especially some at the 
Massachusetts Institute of Technology shortly to be published 
by Mr. M. F. Gardner, it is certain that this capacity effiect 
is small, if it exists at all. In view of the complexity of the actual 
phenomena it is good judgment to make the first, admittedly 
only roughly approximate, formulation of the problem by the 
assumption used by Dr. Whitehead of a constant corona 
leakance. 

But having made this assumption I cannot understand why 
the author attempts a new mathematical treatment. The 
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progress of waves on wires, under the assumption of four con- 
stant line parameters, was first solved by Heaviside (Electro- 
magnetic Theory, Vol. I, Ch. IV; Vol. II, p. 312, Electrical 
Papers, Vol. 2). It has received much attention by Poincare, 
Fleming, and later by Carson and Manneback. The mathe- 
matical solution has also been experimentally checked at M. I. T. 
for the exact case considered.? 


Moreover this solution of Heaviside’s shows clearly that, 
when the four circuit parameters,—resistance, inductance, 
capacitance, and leakance,—are assumed constant, a perpendic- 
ular wave front of current or voltage remains strictly per- 
pendicular as it propagates at the velocity of light. The wave 
front is attenuated in magnitude, and there may be distortion of 
the tail of the wave, but there is no change in perpendicularity 
at the wave front itself. 


Corona may indeed cause the wave front to become non-. 
perpendicular, for corona is not properly represented by a con- 
stant leakance; but any mathematical treatment which makes 
the assumption of four fixed constants should lead to a sustained 
perpendicular front, or else should substantiate its direct clash 
with the classic treatment. 


The mathematical method of the paper was earlier used by 
Steinmetz. It represents a traveling wave by a Fourier series, 
gives physical meaning to the separate terms of this series, and 
applies to each a modifying factor, due in this case to the effect 
of corona. This method is bound to lead to error. Having 
formulated the differential equations of a system on the basis 
of certain constants, and made a solution, we cannot then in- 
troduce the effect of new factors into the separate mathematical 
terms of this solution without endangering the correctness of our 
conelusions. We should instead reformulate the differential 
equations for the conditions obtaining with the new factors 
introduced as a part of the original premises. Stated in another 
way, we cannot solve for the Fourier series expressing a travel- 
ing wave on a line, and then modify separate terms of our 
solution in accordance with the effect which leakance would 
produce on terms of that nature if existing independently, 
without destroying the dependability of our results. 

The danger involved will perhaps be clearer if we carry the 
method to extremes. The Fourier expression for a rectangular 
wave of current traveling down a line is a function of distance 
x and time t, such that it sums up to zero everywhere outside the 
wave, and to a constant value of current everywhere inside the 
wave. The separate terms of this series are sinusoids. Sup- 
pose we ascribe to each a separate physical existence, and as- 
sume that each produces independently its own resistance loss. 
Since these terms are continuous along the line we are led to the 
absurd result that we will compute a loss in the wire at points to 
which the wave has not yet penetrated. The result is exactly 
the same if we treat a wave of voltage, and the leakance loss. 

The paper states that it is a generally accepted belief that a 
chief danger from lightning disturbances lies in the steepness of 
wave front. I agree, but not that this is the chief danger. The 
chief dangers are voltage amplitude, and duration of application 
of voltage due to traveling waves. The steepness of wave 
front is sometimes of interest, but not often. We usually are 
concerned with the amount of voltage our terminal apparatus is 
called upon to sustain, and for how long. We are rarely con- 
cerned with how fast it is applied. Steepness of wave front has 
been overemphasized. We apply the steepest possible wave 
front, without worry, every time we connect a transformer bank 
directly to live bus bars. Why be coneerned if it is nearly as 
steep as this when a line intervenes? We do care, though, about 
amplitude. Corona has its effect on amplitude also of course. 
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J.B. Whitehead: I must apologize for two errors appearing 
in the paper as printed in the Journau. The first is in the 
value of the capacity per unit length of line on the second page. 
The second is the assumption in the computations of a constant 
value of g, the leakage conductance due to corona. This 
quantity varies with the frequency. These two errors offset 
each other in considerable degree. However, the results as 
indicated in Figs. 1, 2 arfd 3, require some modification. The 
general result is that the corrective influence of corona is 
not so extreme as indicated but still very considerable. Both 
computations and figures have been corrected for the 
TRANSACTIONS. 

I regret also that I should have failed to include in the paper 
reference to the experimental results of Mr. Peek on the attenu- 
ation of the voltage pulses on a corona-forming line. Under his 
reminder I now recall them well. They are strong indications in 
support of the assumption that corona has value as a lightning 
arrester. 

Professor Bush does me too much honor in suggesting that I 
have made a mathematical attack on this serious problem. I 
have not done this. The complexity of the phenomenon, 
emphasized in the paper and reiterated by Professor Bush, 
was a sufficient deterrent. The purpose of my paper has been, 
as clearly indicated, an approximate answer only. While I 
am well aware of the criticism which has been directed to the 
use of the Fourier analysis in problems of this character, I have 
been glad to find at hand in the Steinmetz paper referred to a 
series of computations which lent themselves so readily to the 
addition, to other attenuation factors, of that due to corona. 
Professor Bush appears, to have overlooked the fact that the 
Steinmetz analysis does not assume fixed values of circuit 
constants. The fact that the analysis takes account of the 
changes of both resistance and conductance with frequency 
was one of the reasons why it appealed to me for my present 
purposes. The method is especially helpful if the conductance 
is assumed to vary with the frequency as has been done in 
making the corrections indicated in the first paragraph above. 

As for the use of Heaviside’s methods, Professor Bush’s 
partiality for them seems to have arisen since the appearance of 
his very valuable paper on Transmission Line Transients in 
December 1923, for in that paper he emphasizes clearly the 
difficulty of using the Heaviside treatment for cases in which the 
transmission engineer is interested, and also the laborious 
computations involved in the attainment of numerical results. 
I suppose he will hardly recommend Heavyiside’s analysis or any 
of its extensions for eases in which the resistance and conduet- 
ance are unknown functions of the frequency. Perhaps the 
most important thing is that we now have good experimental 
evidence that the presence of corona on lines not only tends to 
diminish the gradient of a pulse but also to decrease its maximum 
value. If, as seems to be true, Steinmetz’s method of analysis is 
open to serious eriticism it is obvious that the application of 
some more correct method to this problem would be a service 
of great value. I hope that Professor Bush will be led to under- 
take this, using those methods which seem to him more suitable 
and convenient. 


CORONA LOSSES BETWEEN WIRES AT EXTRA HIGH 
VOLTAGE! 
(HARDING) 
PASADENA, Cau., OcrosBER 14, 1924. 

F. W. Peek, Jr.: Prof. Harding has given us some curves 
up to 500,000 volts on conductors good for operation at 220 
kv. or less. His loss measurements under some conditions show 
a close agreement with the quadratic law over a reasonable range 
of voltage for the conductors. The difference on several of 
the conductors is, I believe, due to the fact that sphere gaps 
were used for voltage measurement. Regarding the divergence 
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at the upper part of the curve where the are-over voltage is 
approached, we have sometimes noticed a somewhat similar 
tendency on measurements that we have made up to one million 
volts. This has occurred on large conductors at spacing rela- 
tively small compared to diameter. It seems to be due to the 
distortion in the dielectric field that takes place because of the 
great amount of corona. The ratio of spacing to effective 
radius becomes small. The flexible corona conductor is dis- 
torted and no longer a cylinder. At the voltage when the di- 
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vergence starts the corona begins to separate into huge eart 
wheels. These have a shielding effect preventing or lowering 
the loss between wheels. This does not mean that the quadratic 
law would not apply for caleulation of the loss for million-volt 
conductors. Larger conductors and greater spacing would be 
used and the law would hold in the usual way. The tendency to 
diverge thus seems to apply only to extreme conditions or when 
spark-over is approached and distortion results. 
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We have never found the corona loss to vary from the quad- 
ratic as Prof. Harding has. Fig. 1 herewith is plotted from loss 
measurements made at Schenectady on a long outdoor line in 
1910 and from measurements made in the Laboratory in Pitts- 
field on a short line in 1924. These measurements were made 
14 years apart by different men with different apparatus, yet 
the check is exact. The curve is plotted between volts and the 
square root of the power because if a straight line results, it 
proves a quadratic. The range in voltage here is ten times the 
starting voltage. Measurements made on the same wire in 1924 
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up to over 1,000,000 volts or 60 times the critical voltage show 
- that the quadratic law holds over this range. This seems to be 
a remarkably good confirmation of the quadratic law since the 
1924 tests were made on a short line and check measurements 
were made on both high and low sides. The transformer-loss 
 eorrection at 1,000,000 volts was rather large compared with the 
corona loss beeause of the short length of line. A wire with a 
small radius compared with the spacing was used to give a 
condition without distortion. Many curves similar to the 
above, all confirming the quadratic law, were made in 1910 up 
to about 250 kv. 

Fig. 3 shows a similar curve for a cable like the one used by 
Prof. Harding. The tendency to diverge at about 500 kv. can 
* be noted. The quadratic law is followed up to this point where 
distortion starts due to the large diameter of the corona. This 
distortion can be readily observed by visual measurements as 
noted above. . 
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I do not believe that Prof. Harding can be serious in his state- 
ment that 330 kv. could be used on a 500,000 cir. mil conductor. 
While Prof. Harding’s tests are very interesting the data cannot 
be applied to lines above 220 kv. because the tests were made 
on small conductors. 

In comparing the loss between a single wire and ground with 
that of one of two wires, the spacing of the single wire to ground 
should be half the spacing of the two wires and the voltage of 
the single wire to ground should be half the voltage between the 
two wires. This would give equivalent stress. 

L. P. Ferris: I should like to ask Mr. Harding whether he 
has taken any account of the change in wave form, which takes 
place with corona, in calculating the ‘‘radius of the equivalent 
coronal conductor?” I judge not, from the discussion on the 
sixth and seventh pages of his paper and the formula given in 
the appendix. Apparently the capacity is assumed to be directly 
proportional to the charging current per volt, which, of course, 
it would be if the wave form remained constant. It is well 
known that corona introduces harmonies as shown in the papers 
by Prof. Ryan and Mr. Wilkins. The question then naturally 
arises, how much of the increase in charging current can be ac- 
counted for by the increased admittance at the harmonic fre- 
quencies of a capacity fixed by the dimensions of the wires 
themselves and their spacings? There is apparently no doubt 
that corona is accompanied by a cyclic variation of leakage or 
capacity or both, but it would be very desirable to have a definite 
picture of the mechanism of corona and its resulting distortion 
of wave form. We should then be able to agree on whether or 
not the capacity is truly inereased, and if so, to what extent. 

J. S. Carroll: The extraordinary increase in capacitance 
that Prof. Harding found has been somewhat difficult for me to 
understand. In some of our tests at Stanford the charging 

currents were about 10 per cent more than those calculated from 
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the dimensions of the line and the line voltage as given by the 
voltage coil on the transformer. This bothered me for some- 
time until I got hold of the oscillogram of the voltage wave on 
the line. The oscillogram was taken from the Hendrick’s coil 
of the transformer. After the wave had been analysed into its 
harmonies and these used in computing the line charging currents 
they were found to be within about 2 per cent of the observed 
values. The charging currents in the results of Prof. Harding 
seem to run rather high and the question of wave form, of course, 
has been previously brought up. These results of Prof. Harding 
are rather interesting from the standpoint of theory. I think 
there isn’t much doubt that he is well above the economic range 
of operation, but it is interesting to know the power losses in 
this region. 

I made some computations, using the corona-hysteresis 
formula that has been mentioned here, and this formula, by the 
way, fits the condition of the single brush as shown herewith in 
Fig. 4. 

In these cases, until we known more about the conditions, we 
have to work backward, so to speak, with the formula. It would 
be a difficult problem to compute the exact capacitances of the 
arrangement we have there, so 1 took two points on the ob- 
served curve to determine the two unknowns, which would be the 
critical voltage and capacitance. These values were substituted 
in the formula and the power loss was calculated for various 
voltages with the results as shown in the curve of Fig. 4. It is 
interesting to note that the capacitance of this brush remained 
constant over a wide range of voltage. 

Now, in Prof. Harding’s tests. we have a line which is un- 
questionably being fairly well in corona, but there is some ques- 
tion as to whether it is in full corona. In Mr. Peek‘s pictures 
lines about this size are shown at a potential of a million volts 
and there are still some portions of the line that can be seen, 
apparently shielded by the brushes. In the use of the hysteresis 
formula with Prof. Harding’s results we used the calculated 
capacitance as obtained from the dimensions of the line but the 
caleulated values of power loss did not exactly agree with the 
observed values. However, when this calculated capacitance 


60 Tee | sae r 
o- Observed Value 
x- Calculated from Ruan & Henline 
i) eee Formula = 
P= 4fC(E2-EE,) 

C= 605 x10" Farads 


a 
oO 


4 


WATTS, LOSS 
w 
Ss 


20 
10 + - . 
0 x ua ee 
40 60 80 100 120 140 160 


KILOVOLTS TO NEUTRAL, R.M.S 


Fre. 4SrvaLte Bruse Loss FROM A Pornt Exrenvine 3 IN. 
rrow A 3 In. SPHERE 


was multiplied jbyza constant the calculated and observed results 
These were only three curves out of the several 
of Prof.+Harding’s. With others tried, some fit as closely as 
these, others not quite so well. (See Fig. 5). 

Now, this capacitance term we must think of in a little different 
way from the ordinary when applied to this formula. As used 
here it means that capacitance which is attached to corona and not 
the capacitance of the conductor computed from tts dimensions. 
If the conductor is in full corona in every sense of the term then 


were very close. 
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the field attached to the corona will be the same as that which 
would be attached to the conductor if no corona were present. 
Tn ease of the brush formation on the conductor, if those brushes 
do not cover the whole field then only part of the capacitance 
of the line as computed from the dimensions should come in use 
on this formula. If course these curves run right into the x-axis 
at the eritical voltage. That is because Prof. Harding’s results 
begin well above the initial brush formation. Of course, the 
extreme lower part of these curves is not correct as shown by 
results in which lower-range instruments were used. At the 
early brush formation we have a few brushes here and there, in 
some cases Mr. Wilkins says they are something like 100 ft. apart. 
It is the capacitance attached to these brushes that we want to 
consider, and not the full capacitance of the line, when this 
formula is used. The lower voltages used by Prof. Harding were 
the higher voltages used in most of the tests made at Stanford. 
What we are interested in is to find information so that we can 
predetermine the losses in the economic range. I have done 
some calculating along this line but the more calculating I do the 
more I see the need of experimental data and the tests actually 
made on the lines are extremely valuable in these respects. B @ 


140 == . a 


S 
| 


a 
Oo 


| 


KILOWATTS CORONA LOSS PER 1000 FT. OF L 
fo) 
Oo 


60 100 40. 180 220 260 300 
KILOVOLTS TO NEUTRAL, RM.S. 


Fria. 5—Curves or Brusu Parrern In RELATION TO C AND Ee 
IN HQUATION 


P =4/c (EE? — £, E), Ryan and Henline. 
Using data given by Prof. C. F. Harding in his Pasadena Paper. 


Gurvierne, orto © A Oo XG 

@onductore. . nee 2/0 4/0 500.000 Calculated from 
cir mils. Henline Formula 

IDSEWTAG Py on ate pa a, Oey 0.564 0.904 Using K C instead 

in. in. in. Of .G 
SHORNGWANRS cree ouaaa © 18 ft. 18 ft. 18 ft. 
Capacity M. F. per 
1000 ft............1 0.00246 | 0.00255 0.00275 
K 0.85 0.90 C.93 


Just one other word in regard to this capacitance. In the 
laboratory tests inside where we fixed up the rods with points 
on them, and water drops just where we wanted them, in other 
words, where the brush formation was fixed, the corona-hysteresis 
formula fits the results exactly, just as it did in the ease of the 
single brush, but when we come up to the order of a polished rod 
where the brush formation is not fixed, then we have trouble. 
I might say that in one case I tried a mathematical experiment 
similar to what Mr. Peek did, splitting the curve up into two 
component parts, you might say, with two different values of 
capacitance and two different critical voltages. I assumed we 
had a certain set of brushes at a certain critical voltage and that 


would have, of course, a certain capacitance; then, later on there 
was another set of brushes starting in with a higher critical 
voltage and an added capacitance. It came out very well. 


C. Francis Harding: In closing the discussion of this paper, 
to which contributions of interest have been made by Messrs. 
F. W. Peek, Jr., L. P. Ferris and J. S. Carroll, it seems necessary 
again to emphasize the fact that the corona losses presented in 
the paper are actual, accurate results of tests under standard 
conditions of line construction and not extrapolations from 
empirical laboratory data. It is recognized by the author, as 
stated in his paper, that changes in both the design and con- 
struction of transmission lines for voltages above 220 kv. will be 
found necessary in order to avoid excessive corona losses, but the 
most practical way to determine the obstacles to be avoided in 
such designs is to determine the actual losses and other unknown 
phenomena resulting from higher voltages impressed upon present 
standard line construction. 

The ‘difference on several conductors .... due to the fact 
that sphere gaps were used for voltage measurement”’ suggested by 
Mr. Peek for the variation between values presented in the paper 


- ° from theoretical calculated results has not been explained suf- 


ficiently by reference to the use of the sphere-gap, since the 
latter is recognized as the standard method of voltage 
measurement. 

That the divergence between test and ealeulated corona 
losses, at the extra high voltages, may be due to distortion of the 
dielectric field, as suggested by Mr. Peek, is quite probable. 
This cause was mentioned on page 937 of the paper when, in 
reference to Figs. 14 and 15, it was found that the capacitance 
and diameter of the ‘‘equivalent coronal conductor’ were not 
only unexpectedly large at very high voltages, but were erratic in 
behaviour at critical voltages and spacings. It is significant that 
these results have been confirmed by Mr. Peek in Fig. 3 within 
the range of 440 and 600 kv. between lines, although the size 
and spacing of conductors have not been given. The results 
submitted by Mr. Peek in Fig. 1 of his discussion represent values 
at much lower voltages, with no indication of the sizes or spacings 
of wires tested. The losses of Fig. 2, which are not referred to 
directly in his discussion and for which no eable sizes or spacings 
are listed, apparently indicate a considerable departure from the 
straight line determining the quadratic law if the curve be 
drawn through the points indicated as ‘‘High Side Measure- 
ments.”’ The ‘“‘Low-side Measurements” of net losses are neces- 
sarily made less accurately, although the methods of calculation 
and the conditions of test adopted are not indicated in his dis- 
cussion. The conclusion seems to be warranted therefore, that 
between 440 and 600 kv. the divergence of such net losses from 
the calculated results may be considerable, if the conditions 
of line construction are such as to permit the formation of con- 
siderable corona. 

With regard to the use of 500,000 cir. mil. conductor at 330 
kv., no statement in the paper will be found to the effect that 
“330 kv. could be used on a 500,000 cir. mil. conductor” as 
incorrectly quoted by Mr. Peek. Losses between two such 
cables at spacings of from 30 to 34 ft. are shown in Fig. 8 of the 
paper to be “moderate’”” as compared with smaller cables and 
higher voltages, but the determination from test values of a loss 
of 107.0 kw. per mile of three-phase, three-conductor circuit of 
500,000 cir. mil. cables at twenty-six foot spacing is stated on 
page 935 to be ‘obviously excessive and would, therefore, involve a 
change of design for a line to operate efficiently at such a voltage.” 
Although it is probable that larger conductors will be used for 
voltages above 220 kv. when such lines are constructed, the pos- 
sibility of increasing spacings between wires and the reduction of 
clearances to ground in some sparsely settled districts may be 
found to be a more economical means of reducing corona losses 
to an efficient minimum than by providing all of the adjustment 
by means of inereased eable sizes. 

No high-voltage transmission lines at present maintain the 
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clearances between cables and ground equal to one half the 
spacing between the cables. It is recognized, as pointed out by 
Mr. Peek, that such an arrangement would provide equivalent 
electrical stresses. The test results of Figs. 17 and 18 were 
inserted in the paper in order to illustrate the saving in corona 
losses which may be found possible in the future by increasing 
spacings between cables by installing each cable or two cables 
of the same potential of a multiple circuit line upon individual 
relatively low towers, installed transversely upon the right-of- 
way at relatively wide spacings as compared with the height of 
such cables above ground. 

In reply to Mr. Ferris concerning wave-form, it may be said 
that the calculations of capacity and the resultant ‘‘radius of the 
equivalent corona conductor’ were made upon the basis of the 
sine wave haying a maximum voltage established by the sphere- 
gap calibration. Although there is no doubt that harmonies are 
introduced by the corona formation upon such a line, particularly 
under partial and variable corona conditions, yet previous re- 
sults reported to the Institute! by the author upon another 
experimental transmission line were determined from the os- 
cillograms of both voltage and current, which seemed to indicate 
only very slight wave distortion at the higher power factors 
resulting from the very high voltages and consequent large corona 
losses. However, some of the seemingly erratic capacity varia- 
tions at critical voltages noted in Fig. 14 may possibly be ac- 
counted for later upon the theory of distorted wave form. It is 
hoped that further studies may be made upon the effects of wave 
form upon this line. 


The conclusion expressed by Mr. Carroll confirming the 
“need of experimental data and the tests actually made on the 
lines” is very pertinent, as it is believed that only the results of 
actual trials of extra high voltages upon lines duplicating future 
operating conditions with proposed new methods and designs 
for corona loss reduction will prove conclusively what the most 
economical, efficient, safe and entirely satisfactory line con- 
struction is to be for 330 kv. and above. 


INTERCONNECTION OF POWER SYSTEMS IN THE 
SOUTHEASTERN STATES 
(MircHELL) 
PasapEna, Cau., OctoBER 14, 1924 

P. H. Thomas: Mr. Mitchell’s paper is particularly timely 
since it indicates not only the most advanced point to which 
widespread interconnection of large systems has progressed in 
actual practice, but points out the probable solution of some of 
the problems now being faced in the further extension of 
interchange. 

I have in mind such matters as voltage control at individual 
stations on a tie line, when the direction of energy flow changes, 
the proper distribution of true energy between plants, with 
changes of load and other conditions throughout the 24 hours and 
the placing and control of wattless. These features would 
involve no difficulties if the systems could be laid out new, with 
operation interconnected in view, but may cause very serious 
trouble if large systems are merely interconnected without 
proper study of their characteristics. 

The scheme of Mr. James utilizing a curve connecting the 
“peak kw-hr.’’ and the “base kw.” for assigning the position of 
the generating units is most ingenious and useful. I have used a 
similar curve built up by integrating the kw-hr. shown by the 
load curve below any given kw. generating capacity. I have 
extended it to distinguish between minimum stream flow hydro 
power and pondage power and to make assignments to individual 
stations. It is a most useful analysis. 

There are two principal points to which I will call attention. 


1. ‘Corona Losses between Wires at High Voltages I’ by OC. Francis 
Harding, TRANSACTIONS, A.I.E.E., Vol. XXXI, Part I, p. 1036. 
2. JournaL, A. I.E. E. Vol. XLIII, December, p. 1150. 


First—In any large interconnection, even where there is no 
dominating water power plant or single steam station of supreme 
importance, there will be a considerable amount of installation 
in tie lines, condensers and power stations in which the interest 
of the whole will not be the the same as that of some of the 
individuals. For example a tie line might be of great advantage 
to an outlying system but of small value to the system in whose 
territory it lies, or the construction of a line by a different route 
or at a higher voltage might be of great future importance to the 
group as a whole but of no immediate value to the company 
operating in the territory to be crossed. 

The conclusion to be drawn is that there will apparently be a 
great advantage in creating a common entity or organization, 
controlled by and working for the interest of the whole, which 
could properly undertake work that it would not be fair to ask 
any one company to undertake. The existence of such a unity 
would greatly facilitate interchange contracts for power. In- 
deed, it is difficult to see how the full benetit of interconnection 
can ever be established otherwise. 

Second: My second point is to emphasize the necessity for 
looking ahead and planning a complete skeleton system for the 
future covering the full zone in conformity with which new in- 
stallations can be made. Without this there will inevitably be 
much waste. For example a tie line laid out for an immediate 
interchange may be directly overbuilt by a higher voltage line a 
few years later. 

If it turns out that single-cireuit lines as proposed in my paper 
presented at the Birmingham convention are of advantage, the 
building of a two-cireuit line may later require the addition of 
another line to reach some parallel point, which might have been 
reached by separating the original two-cireuit line and running 
the circuits by different routes. 

Again: The divided conductor has a very great theoretical 
advantage in a widespread interconnected system, both in 
increasing the capacity to balance lagging current and in re- 
ducing inductance to facilitate tie-line interchange of current. 
If this is to prove the best construction, the sooner this is deter- 
mined the better. 

The full importance of lagging current and wattless component 
is not generally realized. As long as the lagging could be cared 
for by running the generator at low power factor and lines were 
short, wattless cost little. But with very long lines, wattless 
must be largely eliminated at the receiving end and this must 
often be done by installing new machinery to carry wattless 
kv-a.—a very expensive process. Therefore, the gain in charg- 
ing current by dividing the line conductor may be more important 
in the future than it has been in the past. 

It is not unlikely that very large sums of money may be 
saved in the next 15 years by proper planning ahead for the 
interconnection and this is particularly true in the zone treated by 
Mr. Mitchell. 


LARGE STEAM TURBINE GENERATORS! 
(Foster, FREIBURGHOUSE AND SAVAGE) 
PasapENna, Cat., OcroBEr 15, 1924 

A. M. Rossman: The built-up rotor construction which 
Mr. Foster describes is interesting to us because of an experience 
which we have had within the last two or three months with a 
solid forged rotor. 

A machine had been operating down in Texas for eight or ten 
years. The rotor winding had gone bad and the rotor was sent 
to the factory for rewinding. The factory examined it and 
found a crack in the rotor which extended two-thirds around the 
circumference, and rendered it unfit for going back into service. 
We then split it and found that the only good metal left consisted 
of a skin of metal about 1 in. or 4 in. thick on one side and, 
on the other side, a small wedge 9 in. or 3 in. in thickness extend- 
ing from the center to the outer surface. How that machine 
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continued to operate with the rotor in that condition is a mystery. 

Going into the history of this rotor we discovered that it had 
been made in Germany and shipped to this country just before 
the war began. It had an exploring hole drilled from end to end 
and the factory records showed that a small crack from shrinkage 
had been detected. They did not, at that time, attach the 
significance to that small crack that they should have. Now, 
T understand, such a forging would be rejected. In the built-up 
rotor deseribed by Mr. Foster such a crack could not easily 
develop. : 

Another point is this question of low temperatures. We are 
very glad, indeed, to see progress made toward cutting down 
the high temperatures. The earlier machines used to give 
considerable difficulty. The copper would expand when it was 
hot and shrink when it was cold, and before we knew it, the 
insulation had separated from the copper and was bowing out 
in the ventilation slots; the next thing we had a break-down and 
the machine would have to be rewound. Low temperature 
means low expansion and a lessening of mechanical troubles. 

Cc. M. Gilt: The maximum size of turbo-generators has 
increased in a series of steps with periods of several years inter- 
vening in which the size has remained fairly constant. Recently 
another step has been taken, beginning with the 62,500 kvy-a. 
units for Brooklyn and followed by machines of even larger 
capacity. 

The amount of power developed by, and the money invested 
in, one of these large units is so great that the problem of ade- 
quately protecting it against damage, and of limiting the extent 
of the damage should a failure oceur, is presented with in- 
creased force. The older practice of tying generators to the 
bus without any automatic protection against internal failure 
has been replaced by a scheme of differential protection of the 
windings. The method of balancing one end of each phase 
winding against the other is serviceable in case of a phase-to- 
phase short circuit, or phase-to ground when the unit is on a 
grounded system, but will not operate on a turn-to-turn short 
circuit within the same winding until the damage has spread far 
enough to develop into a ground or a phase-to-phase short- 
circuit. 

As a further protection the groups of parallel windings within 
the same phase windings of the Brooklyn machines have been 


balaneed against each other with cross-connected current trans- © 


formers. This method of protection loses its sensitivity when 
the number of turns per phase is large for the circulating current 
sent around the closed loop by the unbalance of the voltage in the 
parallel paths is a small portion of the total current of each path. 

We are considering a somewhat different method of balancing 
the windings of one of the machines on the system and from such 
studies as have been made it appears to have some advantages. 
The method consists in tying together the parallel windings at 
equipotential points at approximately the middle of the winding 
and inserting a current transformer and relay in the tie. Nor- 
mally no current should flow across this tie and the eurrent 
transformer can, therefore, be built of a size to give the best 
relay operation. In case of a turn-to-turn short circuit, a ground 
or a phase-to-phase short circuit occurring in the windings be- 
tween the ends where they are joined together, a current will 
flow across the mid-point connection and cause relay operation. 
The advantage of this method over the scheme of balancing the 
windings with cross-connected current transformers lies in the 
fact that the relay operates directly on the cross flow of current 
and not on a small difference between two large currents. The 
disadvantage lies in the additional number of leads that must be 
brought out of the machine and the taps made at the mid- 
points. The additional leads brought out need not be full 
capacity, but built only to withstand possible short-circuit 
currents. While the scheme appears to be selective, there may 
be difficulty in picking out points on some machines as actually 
built so that the cross flow of current under all conditions of load 
and external short cireuit will be enough smaller than that which 
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would occur in case of a turn-to-turn short circuit to give posi- 
tively selective relaying. This difficulty, however, applies with 
equal force to the other method of balancing. 

We agree with the authors of the paper in favoring a closed 
system of ventilation for these large machines. Not only is it 
more effective thanan air washer in keeping the machine clean, 
but we believe has also a decided advantage in case of a fire. 
The oxygen within such a system will not sustain combustion 
very long. In addition a gaseous extinguisher, such as carbon 
dioxide, can be used effectively within a confined space. 

We are naturally keenly interested in the development of 
these large machines, their protection and operation. We 
believe that there is a real place for them on the larger systems 
and hope to see them perform ereditably. 

E. H. Freiburghouse: While it is possible, as Mr. Rossman 
points out, to inspect thoroughly the cylindrical body and stub 
ends of a rotor such as has been employed in this 62,500-kv-a. 
generator at Brooklyn, nevertheless, very rigid sensitive tests 
are made by which forging faults may be detected and located 
throughout the interior of the one-piece solid forged rotors. 

It has been our practice for many years to use a solid forged 
steel rotating element having radial slots machined in it to re- 
ceive the windings. The reliability of the solid forged rotor has 
been demonstrated by the successful operation of over 1000 
units ranging in capacity from 2500 to 62,500 kvra. and rotative 
speeds from 1200 to 3600 rev. per min. 

No failures chargeable directly or indirectly to forging faults 
have occurred during operation either in the factory or in serv- 
ice. This is also true of the nickel-steel forged rings which 
support the end portions of the rotor winding. 

Three inspections are made of the interior of the forging, 
the first being at the forge shop. 

The number of rotor forgings rejected from all causes has 
been less than 2 per cent of the total number received to date. 

The scheme of protection mentioned by Mr. Gilt for ob- 
taining protection against internal faults, such as short-cireuited 
turns, has been considered and seems to have desirable features, 
but to the writer’s knowledge has never been applied. 


HEATING OF LARGE STEEL-CORED ALUMINUM 
CONDUCTORS! (Woop) 
PasapDENA, Cau., OcroBER 15, 1924 

A. M. Rossman: I was shown recently some results of a 
heating test of a cable passing through a clamp. The cable was 
300,000 cir. mil copper cable and the clamp was a drop forging. 
In that case the current was raised to such a value as to give 
an appreciable heating of the conductor. The clamp showed a 
temperature several degrees higher than the conductor. This 
is contrary to the results which Mr. Wood obtained. 

The question of the effect of direct sunlight in raising the 
temperature of a large conductor and increasing the sag has 
a close reference to the problem investigated by Mr. Wood. If 
the measurements were made indoors under a skylight, the effect 
of wind would be eliminated. If they were made out-doors, the 
error due to reflection by the skylight would be removed. The 
results, though approximate, would give additional data for 
calculating the maximum sag. 

The question of the best size of steel core is one which could be 
investigated with the apparatus used by Mr. Wood, if samples 
of cable were obtained having different sizes of steel core but the 
same cross section of aluminum or copper. 

Among the advantages of a larger steel core are: first, reduc- 
tion of corona loss; second, reduction in skin effect due to the 
aluminum or copper taking the shape of a thinner tube; third, 
reduction in resistance due to larger cooling surface and lower 
temperature, and fourth, reduction in resistance due to the 
current carried by the steel core, which, although a small per- 
centage, is not negligible, but amounts to about 2 per cent. 
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These advantages are all equivalent to increasing the conduetiv- 
ity of the aluminum or the copper. They should be balanced 
against the disadvantages due to the larger steel core, of greater 
cost, weight, ice load and wind load. 

Such a comparison might result in the use of a core of low- 
grade steel for a large copper transmission cable. A core of 
low-priced steel has usually better conductivity than one of high- 
grade steel, for alternating current, though not always for direct 
current. 

If accurate means are not available for measuring the watts 
loss with alternating current, each sample of cable could be 
calibrated by measuring its final temperature rise when direct 
current is flowing, for which ease the watts loss can be accurately 
measured. The temperature rise by thermo-couple can also 
be very accurately measured, as is shown by the test readings 
plotted on the curves in Mr. Wood’s paper. Curves would be 
drawn for each sample showing the continuous temperature rise 
plotted against watts loss. Then, when alternating current is 
flowing, the watts loss would be deduced from the temperature 
rise, and the effect of the steel core on the conductivity of the 
cable for alternating current could be judged. 

For example, if 400 amperes, alternating current, in a 600,000 
cir. mil copper cable without a core produced a temperature rise 
which gave 107 watts in a certain length, from the calibration 
curve of that sample, and if the same current in a cable with 
600,000 cir. mils of copper and a steel core produced a tempera- 
ture rise which gave 100 watts on the corresponding curve, then 
the core had increased the conductivity 7 per cent, by reducing 
skin effect, by lowering the temperature and by adding the 
conductivity of the core itself. This total percentage increase in 
conductivity due to the core might be greater than the percentage 
increase in cost caused by the core, and there would be the added 
advantage, of probably more importance still, that the corona 
loss would be decreased. 

In making such a test, the samples might be connected in series, 
so that there would be no doubt that they carried equal cur- 
rents. Such a test, like many other measurements in physics, 
could well be made in a room in which a thermostat controls 
electric heaters of sufficient size to hold the room temperature 
exactly constant, which is a very easy matter to arrange except 
in hot weather. 


. THE POSSIBILITIES OF FLASH-OVERS! (Avst1n) 
PasapENA, Cau., OcroBer 15, 1924 


F. W. Peek, Jr-: If I understood Mr. Austin correctly, it 
is his belief that insulators on transmission lines may are-over at 
very much reduced voltages due to some localized high-frequency 
phenomena starting at a corona brush. 

Any discussion on high frequency is valueless unless the type 
of high frequency is defined very accurately. Careful and ac- 
curate researches have been made on the arc-over voltage of 
insulators and gaps for different kinds of high frequency. The 
results are as follows: 

The arc-over voltage for lightning, transients produced by 
switching or arcing grounds, or any damped oscillations of low 
train frequency, is always higher than the 60-cycle arc-over voltage. 
If there is corona during the discharge a still higher voltage is 
required to cause are over. It is higher because of the time lag. 

The are-over voltage for undamped high frequency, or for 
damped high-frequency oscillations where the train frequency 
is above 1000 trains per second, is lower than the 60-cyele arc- 
over. The arc-over voltage is lower because the ionization per- 
sists from eyele to cycle or from train to train. In order to re- 
duce the voltage it is necessary to apply the undamped oscillation 
for an appreciable time. With this type of high frequency, J may 
term it radio frequency, many spectacular results are possible on 
comparatively short wires in the laboratory; these results may be 
produced locally by tuning and by the thermal effect. When 
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corona is started at a given point a hot brush is formed and per- 
sists. If the point is covered by solid insulation the brush will 
start elsewhere. In my early work on this type of high frequency 
described in my book I ealled these brushes electric needles. 
Mr. Austin has termed the phenomena ‘‘pluming.”” Are-over 
may take place at half the 60-cycle are-over. Although Mr. 
Austin does not give any generator data from which the type of 
high frequency used in his experiments can be determined, the 
results show that it was without doubt of the radio type. The 
experiments are interesting but do not apply to transmission lines. 
Such disturbances have never been observed and cannot exist on 
transmission lines. 

Corona loss increases directly with the frequency. To energize 
even a single mile of single line similar to the 220-kv. line of the 
Southern California Edison Company at 20,000 eyeles at 300 
ky. above ground, or half the 60-cycle are-over voltage, would 
require about 250,000 kw. This would have to be generated and 
supplied at 20,000 cycles. Where would it come from? Further- 
more, any high frequency on a transmission line requires an are. 
It is thus secondary and does not account for the initial break. 

Although there is no theoretical or other basis to believe 
that such disturbances as Mr. Austin describes can exist on a line, 
I have deliberately tried to produce them by making ares and 
corona on lines of small loss and high concentration of capacity 
but without success. 

I have tested the shield described by Mr. Austin and find 
that its characteristics are very similar to those of the bare horn 
for any lightning or areing-ground disturbances that can appear 
on transmission lines. In my tests the insulator caps were fre- 
quently punctured by both lightning and 60-cycle discharges. 
The grading effect was small. I could find nothing to commend 
its use over the bare horn. On the other hand the ring shield 
has a decided grading effect and good characteristics for light- 
ning and arcing-ground disturbances. Incidentally it is interest- 
ing that the ring shield is used by the Radio Corporation for 
radio-frequency insulators. 

I would like to ask Mr. Austin how long the line is in Figs. 7 
and 8. I should judge that it could not have been over one or 
two hundred feet. I would also ask him the type and power 
rating of the radio generator used in the test. 

While I could not cause insulation are-over by high-frequency 
voltages generated by an arcing ground in a 220-kv. line excited 
at normal voltage of 127 kv. to ground, I could readily cause 
are-over by dirt. 

The formation of dew on a thoroughly dirty string would 
cause flashover. A wet thread falling across the string would 
cause flashover. A small tube corked at one end and filled with 
two ounces of water was placed above the string. When the 
cork was pulled by means of a cord a small stream of water 
rushed past the insulators and immediately caused flashover when 
the line was excited at 127 kv. to ground. This test was sug- 
gested by the engineers of the Southern California Edison Com- 
pany to simulate the effects of birds roosting above the center 
string. We can all understand these simple causes of arce- over. 
However, there always seems to be a tendency to go to the mys- 
terious to explain trouble. . The term “high frequency” was 
generally misused a few years ago to account for the then pre- 
vailing insulator failures now recognized to have been due to 
cracking. 

Therefore the various mechanical types of failure due to dirt 
accumulations are the most serious causes of trouble. In 
certain parts of the country there is lightning. Fortunately, 
the are-over voltage for lightning and all other transients 
that can occur on transmission lines is very much higher than 
for 60 cycles. 

As to the radio type discussed by Mr. Austin, it cannot exist 
at any appreciable voltage because of the enormous losses. 
Sixth-cycle voltage cannot convert itself automatically into high- 
frequency voltage. The conversion can occur only through 
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powerful ares if the energy is appreciable. The initial breakdown 
or are must start in some other way. It cannot isolate itself to 
any one section of a transmission conductor. 

F. G. Baum: I am going to try to separate the insulator 
problem into its several elements to see if we can’t arrive at some 
way of climinating some of the confusion that seems to be 
prevalent. 

In the first place we have to assume, in this insulation problem, 
that we have a mechanical structure that is as reliable as the 
line itself. That is, that the insulators will not have puneture 
and failure through mechanical causes whether they start from 
electrical sources or not. In other words, we want the line to 
remain in place whether there is an insulator flashover or not, 
but we do not want the insulators to puncture or to deteriorate 
mechanically and let the line wire down. The present circuit 
breakers protect the insulators from damage generally during 
“flash overs.” We will start with that assumption. 

Suppose we have two electrodes in a horizontal position in 
space, call them spheres, and apply potential between them, and 
we know we get a very high are-over value. Suppose it rains 
between those two electrodes, the insulating value is practically 
not reduced. That is, for practical purposes the insulation is 
very high and practically at its original value. The first point 
then I want to make is that so long as we have this discontinuity 
in the water drops we have high insulation. Remember that! 
So long as we have discontinuity in the water drops we have high 
insulation. 

Suppose we put a porcelain tube between those two electrodes 
we have the same conditions now except that we have the rain 
falling on the tube; that tube may be 2 or 3 in. in diameter. So 
long as those water drops are discontinuous on that tube I have 
high insulation, but let the rain continue until the water drops 
collect on the bottom, as a practically continuous film, and the 
insulation goes down, not merely a few per cent, but only a few 
per cent of the insulation is left. Probably it drops to 5 per cent 
or sometimes less, depending on the electrodes and on the 
amount of rain. If you watch a tube of that kind you will see 
rings of fire all along the tube, those rings being short-circuited 
at the bottom by the water drops. What can we do about it? 
We must get rid of the short circuits due to the water drops, so 
we simply place on the tube a series of flanges. In other words, 
in place of having a tube we make a tube with a series of flanges 
on it. Now the water drops are discontinuous and we have high 
insulation again. In the first place I have removed the con- 
tinuity of water due to the drops forming at the bottom of the 
porcelain tube. I have also increased the leakage length due to 
the fact that I have added to or increased the leakage path. I 
may, in that way, increase the insulation very materially. 

Suppose I take those same two electrodes and place them in a 
vertical position. If it rains we have high insulation. But place 
a porcelain tube between those two electrodes and allow the rain 
to come on the tube surface and you will find a water film; the 
water film in this case will be continuous vertically, and you will 
find a film of fire running down the tube and the insulation will 
break down at less voltage than the tube did when it was placed 
horizontally. 

What can I do in this ease? Something similar to what I did 
before. Place flanges on it. J must break up the continwity of 
the water film on the surface of that insulator before I can get 
insulation. I then inerease the leakage length by an amount 
added on the top and on the bottom surfaces. If I make this 
the top one large enough the top surface becomes the umbrella, 
which is the top of Professor Smith’s insulator. That is, I have 
a rain deflector; the bottom is still insulated. If I vary the 
diameter as I go down I will improve conditions—and I am glad 
to see that Mr. Austin is coming to that point. If I alternate 
large flanges with small flanges I have a means of breaking up, 
in a natural way, the continuity of the water on the surface of 
my insulating members—and that is what we must do to have 
high insulation. 
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Unfortunately, we cannot make out of porcelain or glass a long 
enough single piece in order that we may have the distance that 
we require for other reasons than pure leakage, so I have to take 
this insulator and cut it up into pieces. At the present time 
each one of these is cut up into pieces with your disk unit; and in 
Professor Smith’s insulator he proposes to have only two units 
in between, giving a semi-housed insulating member in between, 
and it does give some very remarkable results. 

When the insulator problem first came to us some twenty-five 
years ago, it was actually seriously proposed to house-in the top 
of every tower, because then we didn’t have any porcelain insu- 
lators, which is somewhat on the line Professor Smith is proposing. 
He houses in between two metallic electrodes his insulating mem- 
bers and he is getting some good results. The weakness of this 
unit seems to be in the leakage surface. I would say if a straight 
member is good in between these two electrodes, then it ought to 
be improved if we can improve the length of that member by 
adding flanges. 

Our present insulator string is made up of a series of cap-and- 
pin units. We all know that the effect is that the lower part of 
the string tends to take a large part of the potential and the 
upper part tends to take a smaller. It has been proposed, then, 
to place a ring part-way up on the string, a shield in order to 
redistribute that stress, to a certain extent, and that is a material 
help if we have had plenty of room outdoors to work with this 
reduction of the clearance vertical to the tower. That is a very 
good method of improving the action of string. I do not think 
it is as good as if we could increase the size and have half as many 
units, and get down to a string with five or six units. Professor 
Smith proposed two units; he is not bothered with the potential 
distribution. 

When we had the problem of insulation of the Pit River line 
before us we started testing with the ring shield. That was a 
development of Mr. Peek’s, as you all know. We objected to 
the large shield around the insulator string reducing the clearance, 
all of which cost money; also because of the fact that limbs, or 
other objects, or the action of birds may be a means of short 
circuiting between this ring and the string. We tried to find a 
way of first reducing the size of the shield, and, assuming that 
the line wire would act as a shield in that direction, we proposed 
a shield consisting of two vertical horns. That does help the 
distribution, not as much as the ring, but it does help and it 
removes a part of the streamer, and for mechanical reasons it has 
some value. 

While making tests on high voltage the streamers from the 
horn tips were very concentrated, and in the laboratory at Stan- 
ford University I proposed that we place an insulator over the 
metal horn. As far as I know that was the first time that, what 
Mr. Austin called an ‘insulated control,” was used. For high 
frequencies of 50,000 or 100,000 cycles it does suppress the 
streamer running from the horn. But we finally came to the con- 
clusion that any such addition as that seemed to be a sort of a 
make-shift and if we had to depend on an insulator over each one 
of the horns to make the line operate, and we knew that some of 
them might puncture at sometime and might be causing trouble 
and there would be some difficulty in finding it. There is quite a 
concentration of potential at the horn when you have a flashover. 

We finally decided not to use that sort of a shield, but to use a 
smaller disk shield at the bottom of the string to distribute the 
stress somewhat; but the matter was also decided on for another 
reason which neither of these other two methods of shielding 
seemed to meet. If rain is falling on the insulator string and 
the insulator string is dirty, and you watch the gradual wetting 
of the insulator string, you will find the top and the bottom of 
all the units become wet very quickly, with the exception of the 
bottom of the lower unit; that remains dry and you will find then a 
big are running from the pin to the outer edge of that unit. In 
order to prevent that you must have below this lower unit what 
we call a splash surface which will make the lower unit act the 
same as the other units. So we placed under the lower unit a 
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shield so that when the rain comes the splash comes on all the 
surfaces alike. And in actual tests, when the lower unit was 
flashing over, by squirting water under the lower unit, the flash- 
over and the insulating value of the string was increased quite 
materially. In other words, there was a more uniform distri- 
bution of stress. : 

Like Mr. Peek, I wasn’t quite sure just what Mr. Austin 
proposed to do for our power systems. He seems to think that 
there is a great deal that is not right, but just what his method is, 
and what he would do to remedy the trouble was not quite clear 
tome. There isa great deal that is right about the power trans- 
mission systems and very little that is wrong. We must meet 
the insulation problem for the worst conditions that we can 
conceive, then we need not bother about the intermediate stages. 

I have been hearing about high frequency and high voltage on 
our transmission lines for many years. We have spent months 
and months of study, much time and much money to try to find 
this illusive high frequency and high voltage. So far we have 
not been able to find anything of the kind. We have come to the 
conclusion that high frequency, like sea serpents and ghosts, 
is very much exaggerated. 

We have made setups on the Pacific Gas & Electric Company 
system—I am anticipating something I am going to tell you a 
year from now—in which we had several hundred miles of line 
in operation and we got the results at the beginning and the end 
of that series. We have switched the lines out; we deliberately 
short circuited the 220,000-volt 200-mile line—we short circuited 
it not once, but repeatedly, to determine what happens in the 
short cireuit; when the short circuit is produced, by a simple 
mechanical motion. The short circuit results in a given elec- 
trical action exactly the same in every case; there is no difference. 

My general opinion is that not high frequency and not high 
voltage is causing the trouble, but it is a lowering of the line 
insulating air near the tower and a lowering of surface-leakage 
resistance; it is either insulation of the surface of the insulator, 
or the lowering of the air insulation in a way which we have not 
quite found out. 

W. A. Hillebrand: The fiux control, as developed by Mr. 
Austin, is simply a shielded or a sereened electrode embodying 
the principle or device that has been used a great many times, 
or which has been in use for a great many years. It has been 
used for a bus support; it has been used in high-voltage post-type 
insulators; it has been used in radio insulators for a number of 
years, so that it is merely a logical development preceding out of 
a very large amount of experience which promised to indicate 
about what we could expect in the way of results. 

Fundamentally, the idea is simple: That is, to rob the exposed 
metal parts of their excessive gradient. That is accomplished 
by projecting the conductor into a favorable portion of the field, 
insulating that conductor so that you can not get a streamer or 
power are therefrom, thereby shielding the part which must 
necessarily be exposed. 

Now, this arrangement has some definite value at 60 cycles. 
Tt has, as tests have shown, a very marked effect in raising the 
flashover value against high frequency, either sustained or 
damped waves. It should have a corresponding value in insu- 
lating against transient steep wave fronts and traveling waves. 
Due to the shielding effect it should have a value in reducing the 
small ares which are now becoming troublesome from the inter- 
ference with radio and in the suppression of which the engineer 
will probably have to spend real money. These are factors 
which have never been of importance. but they must be taken 
into account today. Instead of a bare horn, or conductor, or a 
ring for birds to drop excrement on, and for grass, weeds, strings, 
ete., you have an insulator. 

This device should function simply for the reason that the 
fundamental principle it works on reduces the gradient about the 
exposed metal parts and offers an expedient which will find a 
definite application in the insulation of transmission lines, both 
on the line and in the substations. 
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H. Michener: In considering this paper of Mr. Austin’s it 
should be borne in mind that it is dealing with high frequencies 
rather than with 60 eyecles. One: statement in particular in 
regard to the flashover voltage of the string of insulators shown 
in Fig. 11 should be noted. This is a very complicated arrange- 
ment of insulators of different styles but the flashover voltage 
will be about the same as that of the string of standard suspension 
insulators without shielding shown at A, Fig. 1. He states 
that the flashover voltage of the string with his type of shielding 
will be 50 per cent higher than that of the string shown in Fig. 11. 
Reference to Fig. 1 shows that this statement is true only at 
frequencies above about 14,000 eyeles. Following the curves 
back to 60 eyeles, which is practically the zero frequency line, 
they show only a 10 per cent difference in the flashover voltages 
of the unshiélded string and the string with the Austin-type 
shields. 

I believe that most of us who are operating 220,000-volt lines 
will agree that our interest in Fig. 1 ends with the first vertical line, 
i. e. with the 60-eyele frequency. 

“R.J.C. Wood: We have gone to a lot of trouble and expense, 
as has the Pacific Gas and Electric Company, in the effort to 
discover if there were any of these mysterious things, happenings, 
which have been suggested, that might occur. We went all 
over the line looking for resonances of the third and fifth har- 
monie, and other harmonies, and could not find any. We went 
over the line looking for high voltages. The Westinghouse 
Company has helped us recently with an instrument, the 
klydonograph, that indicates, photographically, if there is a high 
voltage on the line. We do not find any rises of voltage exceed- 
ing double normal voltage and I think that we may say that 99 
per cent of those are directly due to switching. The few that 
apparently are not due to switching, that we can’t directly check 
in with switching, may be difficult of assignment to a cause due 
to the fact that the clocks of the klydonographs do not run abso- 
lutely correctly and the time of any disturbance is known only 
between certain limits. 

These photographs I spoke of tell us whether the surge is a 
single-fronted wave or whether it is an alternating performance. 
I think that if any of these high-frequency oscillatory effects 
were there in magnitude the plate would show them. There is 
nothing of a magnitude sufficient to explain a flashover, either 
unidirectional or of an alternating nature. 

There is a picture here in Mr. Austin’s paper, Fig. 10, showing 
a string out of about nine different varieties of insulators. I 
think nine varieties are too many. 

When we started out on this problem of insulating the Big 
Creek line we had in mind the idea, if possible, of using one kind 
of standard insulator to facilitate our warehouse transportation 
and maintenance facilities. Then, when replacements are neces- 
sary one kind of an insulator will take care of everything. 

In that same Fig. 10, Mr. Austin suggests fitting the insulator 
to the gradient, rather than changing the gradient to fit the 
insulator. I don’t think the result is very different and certainly, 
as I have already suggested, fitting the eradient to the insulator 
makes a much simpler problem for the maintenance and repair 
men. 

A. O. Austin: As I stated, the conclusions depend largely 
upon the numerical values involved. The paper deals pri- 
marily with the air break-down between conductors and tower or 
ground and the means for preventing same. It is a difficult 
matter to obtain records of disturbances on a transmisslon 
system extending over a ereat many hundred miles and which 
may exist for an instant only, but lack of records of these dis" 
turbances does not necessarily mean that they do not exist. 
With improvements in recording apparatus, our knowledge as to 
the existence of transients or disturbances on the system will be 
greatly increased during the next few years. 

It is claimed that an insulating system which shows up to 
advantage on any combination of high frequency, impact or 
normal frequency must include all of the possible voltage condi- 
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tions existing on the transmission system. Therefore it should 
show up to advantage when applied to a transmission system. - 

If an insulating system is deficient as to performance under 
impact, damped wave trains, superimposed high frequency or 
a few eycles approximating a continuous wave or for normal 
frequency, the performance of the insulator or the system may be 
limited to the extent of this deficiency. 

A properly designed insulated control or insulated control and 
conductor eages will increase the flashover voltage over the 
insulator string or between conductor and ground for the follow- 
ing conditions: 

1. For an impact. 

2. For normal frequency. 

3. For a damped wave train. 

4. For a continuous wave train. 

5. For any combination of the above. 

In addition to increasing the flashover voltage for the above 
conditions, the system as outlined in the paper will improve 
the string gradient, although this may not be a determining 
factor in the performance. 

With the insulated control the effective striking distance to 
ground need not be decreased which is a very important point to 
remember where flashovers occur due to existing limited clear- 
ances and in the construction of new lines where increased 
tower clearance greatly increases the cost of the structure. 

Since the system as outlined will improve the performance of 
the insulator string or the conductor for any of the above con- 


ditions, it is reasonable to assume that its use on the trans-- 


mission system will tend to raise the flashover voltage and 
permit the damping out of disturbances without their causing 
flashovers. There is much evidence to indicate that the energy 
necessary to cause a flashover is exceedingly small and there is 
further evidence which would indicate that flashovers may be 
started by rather small voltage rises. 


In answering Mr. Peek, I may say that it has been assumed 
that extremely high voltages either at normal frequeney or high 
frequency cannot exist over any great extent of the system, as the 
losses would be tremendous. Since flashovers do occur on 
systems which must be attributed to electrical causes, it would 
naturally follow that these flashovers must occur due to a high 
voltage extremely localized or to a comparatively low voltage 
which might extend over a considerable part of the system. 


The insulated-control system properly designed and applied 
is not deficient under an impact or under the most severe voltage 
conditions, but, what I believe is even more important, it 
raises the flashover voltage under conditions which might 
exist over a considerable portion of the system and which are 
capable of causing ares to strike to ground at comparatively 
low voltages. 

Laboratory tests in this connection may be made even more 
severe than those on the line, but it must be remembered that 
a properly designed insulated-control system shows up to 
advantage under these very severe conditions. The fact that 
line losses increase very rapidly with an increase in voltage is’a 
fundamental assumption in the application of an insulated- 
control system. Without this conception, it sould practically 
be necessary to assume that if we prevent an are at one place, it 
must of necessity occur at another. Some of the present-day 
systems have a short-circuit current such that the current in an 
are to ground is little if any greater than the normal full-load 
current. On some of the large systems of the future, however, 
this current may be very high and it is essential that the trans- 
mission system be freed from ares or flashovers, if at all possible. 
If the assumptions of the insulated-contro! system have. been 
correct, the problem of preventing flashovers is not a difficult one. 
It is, however, essential that the insulator or system have a 
sufficiently high flashover to prevent an are to ground for any 
disturbance existing on the system. When the design of towers 
and the effect of cross arms and braces is taken into account, the 
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problem of obtaining a high flashover voltage for any conditions 
is comparatively simple. Even in cases where factors which 
control the electrostatic field in the vicinity of the insulator are 
not given consideration, the insulating system as discussed in the 
paper offers a means of raising the flashover which may have 
been materially lowered by the tower design. 

Mr. Peek has made the statement that the grading ring is 
used in radio work. While this is true, it must be remembered 
that the ring soon reaches its voltage limitation when used in 
radio work. There is quite a difference between operating a 
radio station and a transmission line, for if a plume starts 
on a ring operating on a radio station, it is necessary only to 
lower the voltage and start over, whereas a discharge from a 
ring on a transmission line line usually results in a shut-down. If 
it were not for the voltage limitations of the ring under high 
frequency the results shown in Figs. 4 and 5 would not be 
possible. In fact, during the war considerable time was spent 
in developing the insulated control so as to permit higher op- 
erating voltages on the large aerials than were feasible with 
the ring. 

The question of puncturing of the insulated control has 
been raised and we only have to consider operating records 
to see that the danger from this is negligible. If it is possible 
to puncture an insulated control on test, it naturally follows 
that this control must be functioning. It, of course, is possible 
that the control may be punctured owing to too low a factor of 
safety or due to poor design. This matter, however, is readily 
taken care of, as there are literally millions of insulators under 
more severe conditions than those imposed on the insulated 
control without showing evidence of being broken down 
electrically. 

As to the insulators shown in Figs. 10 and 11, it is readily 
seen that although the insulator in Fig. 10 may have a very 
favorable gradient when the ratio of flashover voltage to stress 
imposed on the section is considered, it does not follow that 
this string will make any better showing, as the limiting factor 
is air break-down between conductor and line. If higher 
factors of safety were needed in the individual unit to pre- 
vent surface discharge or unit flashover, this is easily possible 
with the scheme shownin Fig. 11. It was pointed out, however, 
that an ordinary string of uniform 10-in. units will have a 
much higher flashover if properly equipped with an insulated- 
control system than the special string having a number of 
different types but without the control system. 

The performance of the insulators discussed by Prof. Smith 
is due to the control of air break-down. If tests are made at 
normal frequency, the performance is exceedingly fine. If, 
however, the insulators are used with large metal shields which 
inerease the field strength around the conductor, flashovers are 
likely to be induced under line conditions. For this reason, it 
would appear that the effect of the field on the conductor may be 
a limiting factor in the type of insulator rather than other 
considerations such as lack of surface resistanee. De Ferranti 
some 40 or 50 years ago devised a similar type. It was found, 
however, that the wood-stick member would frequently burn 
under fairly mild conditions. A type of insulator somewhat 
similar to that shown by Prof. Smith, but with an insulated 
control in place of the small ring or torus was devised for radio 
work. The electrical performance of these insulators is rather 


spectacular, but it is believed that the inerease in field intensity 


about the conductor occasioned by the metal shields will increase 
the difficulty of the insulating problem. 


Mr. Peek and others have inferred that the insulated control 
would be of little or no practical benefit to the transmission line, 
as the frequencies used were not those of the transmission 
system. Owing to an error, Fig. 7 was repeated in the printed 
paper, whereas another figure showing the performance of bus 
insulators with and without insulated controls for normal as well 
as high frequeney was left out. This sheet shows that the 
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insulated control as applied to a bus insulator greatly raises the 
flashover voltage at normal frequency and that the flashover 
voltage at high frequeney was really due to the break-down of the 
air path shunting the insulator. The limiting air break-down 
is clearly shown in the photograph in Fig. 3 of the paper. 

Insulated controls are being installed on several systems to 
eliminate flashovers and the records during the coming season 
should give much valuable information under operating con- 
ditions. In one ease, the voltage will be practically doubled 
with clearances so much less than what are considered necessary 
for the higher voltage that if the operation of the system is at all 
satisfactory, it must necessarily prove the effectiveness of the 
device. 


LIGHTNING AND OTHER TRANSIENTS ON! 
TRANSMISSION LINES = (Penk) 
LIGHTNING: (CrrIGHTON) 


PasapDENA, Cau., Ocroper 14, 1924 


F. W. Peek, Jr.: In some respects Mr. Creighton’s con- 
clusions are not as far from my own as might appear at first 
glanee. The effect on transmission lines is determined wholly 
by the gradient. The fact that he has very high energy values 
is due to the high voltages or high cloud heights that he has 
assumed. 

Mr. Creighton finds lightning oscillatory because of the very 
low value of resistance that he takes for the spark or bolt. In 
this I cannot agree with him. The specific resistance that he 
has taken was for a short very high-ecurrent dynamie are. Such 
resistance is low because it is determined by the metallic vapor 
from the electrodes—in other words, a huge arclight. 

The conduction of a lightning spark is determined by the 
ionization of the gases of the air and not by metallic vapor. 
The specific resistance in gas conduction is very much higher 
than in metallic-vapor conduction—in fact they are not of the 
same order. Even in sparking-over an insulator string at 60 
eycles the initial break is gas conduction and it takes an appre- 
ciable time before the metallic vapors come into the are. This 
initial spark can generally be seen in insulator flash-over photo- 
graphs as a bright line independent of the rest of the are. If 
specific resistance corresponding to gas conduction is taken it 
will be found that the discharge will be either non-oscillatory 
ot very highly damped. 

J. B. Whitehead: Since the time of Franklin there has been 
no question as to the electrical nature of lightning, but not until 
recently have we been able even to approach a reasonable cer- 
tainty as to the particular forms of discharge and the values of 
electrical quantities occurring in lightning strokes. Even now 
our knowledge is very approximate, and the conclusions we have 
drawn are likely to be upset at amy time. Messrs. Peek and 
Creighton compute the values of voltage, current and energy of a 
lightning discharge, from the known values of spark discharge in 
the air, and the assumption that a thunder-cloud and the earth 
constitute a parallel-plate condenser. The experimental evi- 
dence on which the conclusions are based, are the laws of spark 
discharge as we know them from direct tests, observations of 
potential gradients at the surface of the earth during lightning 
storms, and now, in Mr. Peek’s case, experiments with laboratory 
models of transmission lines and cloud, and in Mr. Creighton’s 
case, deductions from values of resistance of high-voltage electric 
ares. The conclusions in each case are in approximate agreement 
as to the probable gradient at the surface of the earth at the time 
of the discharge. Mr. Creighton’s estimated value of the volt- 
age of the cloud is seven times that of Mr. Peek’s, which leads to 
a corresponding difference in the values of current and energy. 
The two papers differ particularly in their estimate of the 
form of the discharge; Peek holding that usually the discharge 
consists of a single pulse, with oceasional heavily damped 
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oscillatory discharges. Creighton, on the other hand, concludes 
that the lowest frequency of a lightning stroke is about 50,000 
cyeles per second. Peek’s conclusion is in conformity with 
that of a number of others who have worked in this field, and 
Creighton is making a radical departure from a considerable 
mass of expert opinion, when he assumes that the discharge is 
always oscillatory. He bases his conclusions entirely on the 
low value of the resistance of a high-power are, assuming that 
the discharge path of the charged condenser formed by cloud and 
earth is such an are. I do not think that he has made out a 
good case for this. There appears to be two serious objections 
to his view. The first is the assumption that all of the re- 
sistance of the discharge lies in the spark or are itself. In 
the passage of the spark, electric charge is drawn from wide 
areas of both earth and cloud. As is well known, the earth 
may have considerable values of resistance. Our knowledge of 
the effective resistance to the passage of charge through the 
mass of a cloud is not very definite, but I believe that in this 
case it would be found that this resistance is considerably 
higher than that of the surface of the earth. For example, the 
heavily ionized air between two corona-forming lines unquestion- 
ably has a very high resistance. The second objection is the 
assumption that the specific conductivity of the lightning 
streak is the same as that of the vapor of a sustained high- 
current are. In the latter case the electrodes between which 
the are is formed are vaporized, and it is this vapor which 
constitutes the conducting medium of the are. No such source 
of conducting ions is present in the lightning streak. 

It is probable that lightning discharges take a wide variety 
of forms. It would appear, however, from these two papers, 
that the evidence that we now have is quite good as to the uni- 
directional pulse as the commonest type of discharge, that 
such oscillations as do oceur are very heavily damped, and that 
there is little or no evidence of a prevailing type of oscillatory 
discharge of relatively high frequency. 

H. Michener: The portion of Mr. Peek’s paper which deals 
with the ground wire is of particular interest to me as the value 
of the ground wire has been discussed at great length by various 
members of the Edison organization. Our present 220,000-volt 
lines have always been equipped with the ground wire with the 
exception of about 60 mi. of one line. The operation of this 
60-mi. section, without ground wire, has heen the same as that 
of the 60 mi. of line parallel to this and which has a eround 
wire. These two 60-mi. parallel sections are located in the San 
Joaquin Valley. 

In planning for a new line from Los Angeles to Big Creek 
it was necessary for us to decide for or against the ground 
wire. This line will be located in the mountains and the foot- 
hills nearly all of the way and 75 per cent of the footings will 
be in rock. We have interpreted the results of the experiments 
that Mr. Peek has reported in his paper to mean that a grou 
wire on a line in a location such as this will give only 2 per cent 
more protection for the line than it would have without any 
ground wire. On this basis we have decided to build the line 
without a ground wire, but to design the towers so they will 
carry a ground wire safely in case we should ever want to install 
one. 

H. T. Plumb: There is not enough caution thrown out 
similar to that of Mr. Peek about seeing that the ground wires 
and lightning arresters are properly erounded. In this Western 
country where there is not much soil, and where that soil often- 
times is thoroughly dried out, it is difficult to get eround connec- 
tions and I want to suggest something which I have been advo- 
eating and using for several years. That is, making a coupling 
with the earth, not through conductance, but through capac- 
itance; connecting to something that is extensive and that is a 
good conduetor, and let it make the connection to ground by 
capacitance. I believe that will very materially add to the pro- 
teetive value of many lightning arresters which are not now 
properly grounded. 
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J. Slepian: The very interesting quantitative results which 
Mr. Creighton obtains, although admittedly somewhat specula- 
tive in nature, have a very great practical value for those engaged 
in combating the effects of these atmospheric disturbances upon 
power systems. It is very gratifying to find a general agreement 
as to the magnitudes of the voltages which may be induced on 
transmission lines, and to find that there is a logical relation be- 
tween these magnitudes and the dielectric properties of air. 


Mr. Creighton has not limited himself to the study of induced 
surges on systems, but has estimated the quantities in the 
lightning stroke itself, voltage, current, power, frequency, 
etc. These quantities depend on the capacity, inductance and 
resistance of the discharge path. The first two factors are 
geometrical in nature and may be ealeulated with considerable 
confidence. The resistance of the broken-down air making up 
the lightning stroke is a much less certain quantity. Mr. 
Creighton, by taking the results on the conduetivity of heavy- 
current ares in the laboratory makes it seem very plausible that 
resistance in the lightning path is small compared to the reactive 
ohms in the lightning circuit, and so neglects it in calculating 
current and power. The current and power so obtained are 
appalling. The practical conclusion to draw is that against the 
direct stroke to a power system we are helpless. Our puny 
lightning arresters are futile, discharging their hundreds or even 
thousands of amperes from the stroke involving millions of 
amperes. 


We are better situated, however, with respect to the induced 
surges. Here the currents involved are well within the capacity 
of modern arresters. And since, fortunately, direct strokes are 
rare, while induced surges are frequent, we may feel confident 
that these arresters are really rendering an effective service. 

By assuming that the resistance in the lightning stroke is 
small, Mr. Creighton arrives at another conclusion which at 
first sight would seem to be of very great importance for induced 
strokes. This is the oscillatory character of the lightning dis- 
charge. A remote stroke then, might induce on a system a 
surge of such low voltage that it would not discharge through 
the arresters, and yet which on account of its oscillatory nature, 
might develop a dangerous resonance in the vitals of a trans- 
former. I wish to show that this apparent danger is actually 
non-existent. 

I need merely to point out, that developing a resonance is a 
a cumulative phenomenon and therefore takes place only for 
wave trains which are sustained or only slightly damped. The 
first cycle of the train starts the resonant system oscillating; 
the second eyele finds itself in phase with this oscillation and 
increases it further; the third cycle likewise finds itself in phase 
and feeds still more energy into the resonant system. Thus 
the resonance builds up, and the energy stored in it will amount 
to many times the amount supplied by the first cycle. Things 
are otherwise if the wave train is strongly damped. The second 
cycle in the train, because of its smaller intensity, adds only a 
little to the energy supplied by the first cycle; the third cycle 
still less, and so on. Thus the total energy supplied to the 
resonant system by the damped train is little more than that 
supplied by the first cycle, and a cumulative resonance does not 
exist. 

Now, I shall show that a lightning stroke is always of this 
strongly damped character. Where is the damping resistance? 
In the radiation! The column of highly conducting air, streteh- 
ing up one mile high is the most effective antenna one could 
find for radiating the 50,000-cyele energy from Mr. Creighton’s 
cloud. It is, in fact, as all lightning strokes must be, granting 
low ohmie resistance in their paths, an open oscillator oscillating 
at its own natural period. Such oscillations are always strongly 
damped by their own radiation. Textbooks on radio telegraphy 
show that in such natural oscillations, the second eyele is only 
about 30 per cent of the amplitude of the first; the third cycle 
will then be less than 10 per cent of the first, so that practically, 
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we may say that the train is limited to two cycles. Hence a 
cumulative resonance is impossible. 

It must not be thought that the radiation resistance which 
eauses this great damping will seriously affect the calculations of 
Mr. Creighton. Very considerable resistance may be added to 
an oscillating cireuit without affecting the maximum current 
very greatly. For example, the maximum current in a critically 
damped circuit is equal 1/2.718 times the maximum current in 
that same circuit with resistance reduced to zero. 

John B. Taylor (by letter): ‘Does lightning oscillate?’ : 
The question is not a new one in our discussions. Sixteen 
years ago (see A. I. E. E. TRANSACTIONS, Vol. X XVII, pages 
684, 783 and 795) Mr. Creighton was assuming oscillations in 
lightning flashes with frequencies of 1,000,000 cycles, and I was 
characterizing such a figure as unreasonable for a mile-long 
stroke because the velocity of propagation in space is wholly 
insufficient to move a charge back and forth over a mile in a 
millionth of a second. This objection related only to the esti- 
mated figure for frequency, irrespective of low or high resistance 
in the discharge circuit which determines whether the discharge 
oscillates or not. 

Mr. Creighton, in his present paper, defends the idea that the 
typical cloud discharge is oscillatory and now calculates or esti- 
mates 50,000 cycles per second for the one-mile-long discharge 
between earth and a cloud one mile in diametér. The capacity 
of the cloud to earth is given as 1/100 micro-farad which, in 
round figures, requires an inductance of 1 millihenry to give the 
oscillation frequency of 50,000 eyeles. This value of inductance 
seems much too low for a straight-away conductor a mile in length 
well separated from any return circuit. A value of inductance 
two or three times as great appears more reasonable. 

However, this point does not appear so important as the omis- 
sion of anything in the picture to indicate what becomes of the 
moving charge or current at the two ends of the mile-long flash. 
His argument for the presence of oscillations is that the flash 
itself has a definite diameter greater than 4 in. and approaching 
1 ft., and that the resistance of a flash of such size is low enough to 
permit the discharge to persist in oscillations. But the charge 
and discharge must move in the cloud from the main flash to the 
edges. This will add perhaps a mile to the length of the dis- 
charge path, increasing the inductance, and properly further 
affecting the estimates of frequency. It is hard to picture a 
thunder cloud with moisture particles or drops in such contact as 
to provide an extended conducting path of low resistance. A 
suitable picture of the cloud itself seems quite as essential to the 
theory as a picture of the main flash. 


Mr. Peek straddles the question by saying that some lightning 
discharges are oscillatory. He does not tell just what class of 
experimental evidence is taken to justify his conclusion that 
oscillations at times oceur. For his cloud of assumed dimen- 
sions (1000 ft. square, 1000 ft. elevation, a smaller and lower 
cloud than Mr. Creighton’s) he figures that there will be oscilla- 
tions with frequency of about 140,000 cycles if the resistance of 
the discharge path is below 1000 ohms. 


Messrs. Creighton and Peek both make reference to experi- 
mental work on the other side of the Atlantic by Mr. H. Norinder 
who reported in Electrical World, Feb. 2, 1924. Mr. Norinder 
made experimental observations of induction from natural 
lightning flashes, and, with a cathode-ray oscillograph, secured 
evidence that none of a number of lightning flashes studied were 
oscillatory. As the cathode-ray is not subject to the mass and 
natural period limitations of the vibrator in the more familiar 
oscillograph, it serves well for studying electrical oscillations at 
frequencies of a million or more cycles. Mr. Peek must have 
overlooked this fact when reading the Norinder article for he 
states immediately following the mention of Norinder’s work: 

“....1it is not possible to tell from oseillographie records 


just how steep such waves are because of the relative slowness 
of the apparatus in responding.” 


—”" 
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Mr. Creighton disposes of Norinder’s conclusions by making 
a distinction between oscillations in the cloud and in the flash 
and promises to discuss this at a later date. 

From these two papers and from the Norinder article, it 
appears that Mr. Creighton holds a brief for there being oscill- 
ations in a lightning discharge, basing his case on assumptions 
as to dimensions and physical characteristics. 

Mr. Peek says there may or may not be oscillations but in- 
vites the question: “What is the evidence?” 

Mr. Norinder gives experimental evidence that oscillations 
are absent in lightning flashes. 

E. R. Stauffacher: Mr. Michener has told you that we were 
somewhat reluctant to give up the idea of using an overhead 
grounded wire on the new Big Creek line, but it was finally de- 
cided that the possibility of the ground wire breaking and coming 
in contact with the conductors outweighed the protection which 
the ground wire would afford. I should like to ask Mr. Peek one 
question regarding the value of overhead grounded wire as ap- 
plied to the location of this wire with reference to the conductors 
and the structure of the tower. 

The Big Creek transmission towers are constructed approxi- 
mately as shown in Fig. 1 herewith with overhead grounded wire 
fastened at point A. Can we assume that the values given by 


18 ft. 
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Mr. Peek for the protective value of overhead grounded wire 
apply to transmission lines having the conductors in horizontal 
configuration, separated a distance of from 17 ft. to 22 ft. to the 
same extent as if the conductors were placed in vertical con- 
figuration for example, and spaced closely together? If this 
distance between conductors were 11 ft. instead of 22 ft., can we 
assume that these values given, that is, the protective values of 
the ground wire, will be the same in both cases? 

It has been the practice of the Southern California Edison 
Company during the past year to use an extensive system of 
grounding at the major substations, and we are now beginning 
that practise at our minor substations. We feel that one ground 
wire to a ground well did not give us sufficient protection and 
we are now adopting the policy of connecting everything together, 
thus approaching a condition of the station building and equip- 
ment sitting on a copper mat. 

As regards lightning arresters, the ground leads are brought to 
pipes driven immediately along the row of arresters. From these 
pipes connections are made at several points to the network of 
underground conductors. Mr. Plumb’s remarks regarding the 
use of some metal object, such as the framework of a building, 
ora fence around a substation, leads me to ask Mr. Peek this ques- 
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tion: Suppose the grounded wire on an overhead transmission line 
is connected to steel towers that are set in rock, which is an insu- 
lator, do we or do we not have a good ground for the dissipation 
of external discharges and thereby gain advantage of the pro- 
tective value of an overhead grounded wire? 

W. A. Hillebrand: Referring to Mr. Peek’s paper, and the 
discussion of lightning phenomena, and also to Mr. Norinder’s 
referred to therein, if you have a bound charge, after the light- 
ning discharge breaks, that bound charge, presumabiy, will pro- 
ceed to travel in opposite directions. If, for instance, the dis- 
charge should be six miles long the frequency would be in the 
order of 30,000 cycles per second. Now, this charge is passed 
from a highly charged region, that is, where the dielectric is 
charged, into a region where the dielectric is not charged, so 
correspondingly it will be absorbed in the dielectric and the 
energy will be dissipated. As shown by Dr. Whitehead, these 
damping losses are absorbed in the dielectric region, as the charge 
passes, and it is reasonable to assume that energy will be re- 
turned and oscillate at this frequency through the circuit. 

What bearing has the ground wire on this? To a man with 
radio experience a ground wire is very similar to a counterpoise 
used in high-power radio transmitting stations for the purpose of 
reducing the ground resistance, increasing the current, the energy 
of oscillation, and the voltage is developed directly proportional 
thereto. Now, if there is anything in the possibility of develop- 
ing an oscillation, as a result of a traveling wave, then anything 
that tends to reduce the rate of damping will increase the vigor 
of that oscillation and the voltage developed in direet proportion 
thereto. 

One of the most complete ground wire systems that I have 
ever seen had three ground wires on top of a steel tower and 
three conductors directly below it. This vertical distance be- 
tween was roughly six feet; the voltage of the circuit is 33,000 
volts; the length of the system is about 100 miles, there were 
about 18 miles of steel towers carrying this combination. Now, 
as a result of their troubles, due to lightning, on that 33,000 kv. 
cireuit, they would not consider an insulator with less than a 
normal 66-kv. rating that measures, roughly, 13 x 12 inches, 
having a 60-eycle flash over of about 200,000 volts. Now, is it 
possible that you have two compensating effects that counter- 
act one another? The undoubted shielding effect of the ground 
wire system, also this other effect reducing the ground resistance, 
increase the oscillation that may result from a closely coupled 
counterpoise, and of the vigor of that coupling, the closeness of it, 
there is ample evidence from a number of sources. 

Now, it is possible that the nature of the ground itself has 
something to do with the intensity of lightning disturbances 
and of their frequency. According to the fundamental electro- 
static law the tube of force terminates in the cloud at one end 
and the charge in the ground at the other. This charge within 
the earth is drawn up as an amperage current in the earth. 
There is presumably only a certain amount of energy for the 
accumulation of the charge. If the ground resistance is high, 
is it possible that that in itself is a limiting factor? The ground 
resistance is low in a well watered valley, or on the surface of a 
subterranean water system and there you will get characteristic 
thunderstorms of greater violence than elsewhere. 

If general corona is allowed to develop the energy is probably 
immediately or quickly dissipated. On the other hand, both 
experience and theory tell us that if that energy is allowed 
to break loose at a single point, at a clamp, or some other point, 
you will get a streamer that may run to a greatlength. It is dis- 
puted whether or not this thing does exist. There are many 
evidences that point unquestionably to the fact that we have 
something of that lind. 

The experiment that Mr. Peek shows so beautifully of artifi- 
cial lightning splitting blocks of wood, has been performed by 
natural lightning for many years. Over a year ago, in Northern 
California, I saw a pine tree, four or five feet in diameter, an old 
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tree the center of which was partially rotted out, struck by 
lightning and it broke off about half way up the trunk and the 
flash continued down, cork-secrewing down the tree. I don’t 
know how many kilowatt-hours, but probably not more than 
half a dozen, would be required to shatter that tree. The inter- 
esting thing which Mr. Peek did in his experiment, was to 
dissipate the energy where he wanted to. If he wanted to burn 
up No. 6 iron wire weather-proofed, he subjected the antenna 
lead to a stroke of lightning and the wire evaporated leaving 
the weather-proof covering intact. When he wanted to split 
a stick of wood, his conductor was large enough and the energy 
was dissipated in the wood. That was what happened in that 
tree; this current of an unknown number of amperes split the 
tree to pieces, came down to the bark and where it entered the 
eround there was no sign of any disturbance whatsoever. I 
looked around the roots of the tree to see if there was any evi- 
dence, but apparently the conductivity at that portion of the 
circuit was too high. ; 

R. P. Jackson (by letter): In the exceedingly interesting 
discussion of the possible limits of ligtning discharges from cloud 
to ground, it does not appear that any consideration was given 
to the fact that the upper plate of the conductor, that is the cloud, 
is not a metal plate of comparatively low resistance, but is a 
great group of small segregated, conducting particles. The 
assumption that the earth resistance is negligibly low is probably 
quite correct. The resistance of the main path of the are might 
readily be within the range indicated. In the cloud itself, 
howeyer, the are or current path must branch into a multitude 
of filaments ultimately reaching each individual droplet. What 
the resistance of this umbrella or mushroom-shaped portion of 
the spark path is, is difficult to surmise. It is probable that even 
if the discharge would otherwise be oscillatory, there is a power- 
ful damping action due to the inability of successive alternations 
to spread out to the whole cloud and a rapidly increasing re- 
sistance is thereby interposed. The effect therefore may be 
quite different from that of an ordinary discharge through a 
reasonably fixed resistance and although the initial wave front 
may be steep it would appear as though the damping action of 
the cloud resistance would be very great. 

F. W. Peek, Jr: Mr. Michener and Mr. Stauffacher have 
both asked regarding the ground wire. As I understand it, in 
considering a new line, the question came up as to whether a 
ground wire should be used or not. It was decided that a 
ground wire should not be used, not because the ground wire 
when properly and favorably installed, would not give good 
protection, but because, under the conditions of this line it could 
not be well grounded, and, therefore, would not materially 
effect the lightning induced on the line. I think that was a 
correct conclusion because if the ground wire cannot be well 
grounded it gives very little protection. Thefactor of protection, 
to a great extent, depends upon the resistance. 

In the tests that I made, the ground wire was, in most cases, 
approximately at a distance from the conductor equal to the 
spacing between adjacent conductors. My data is applicable to 
Mr. Stauffacher’s line. There is one interesting point that ] 
would like to make clear. When the conductors are arranged 
in a horizontal plane the voltage induced on each conductor will 
be about the same so there will be practically no lightning 
voltage between them. The lightning voltage will be between 
conductors and ground. When the conductors are in a vertical 
plane, there will be considerable voltage between conductors, as 
well as between conductors and ground. 

One interesting fact about the ground wire is that one ground 
wire will protect any number of other conductors. If one 
conductor is protected and other conductors are placed, they will 
receive protection without reducing the protection on the first 
conductor. 

Answering Mr. Hillebrand, a number of years ago in Colorado 


we made experiments on a 25-mi. idle line. In these tests 
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the voltage between line and ground was measured by gaps while 
the nature of the discharge was determined by means of a 
rapidly revolving photographic film. The gaps indicated that 
the first discharge was a steep wave front followed by the oscilla- 
tion of the line at its natural period, which, in this case, was 
about 1800 cycles, or at very low frequency. With the longer 
lines, the frequency would, of course, be much lower than this. 
The effect is thus that of a steep-wave-front impulse which may 
be dangerous, followed by a more or less harmless low-frequency 
oscillation. 

The ground wire tends to increase the damping, just as a 
short-circuited turn in a transformer would. The actual resist- 
ance of the ground itself is very low, because of the great cross- 
section. It is, in fact, much lower than the resistance of the 
ground wire. The ground resistance is high where it is part of 
the ground-wire circuit. This follows because of the small 
contact area where the ground connection is made. 

E. E. F. Creighton: In formulating a closure on the several 
interesting points brought out in the discussions of my paper 
it seems pertinent to state my attitude of mind. As a developer 
of electrical protective devices I am endeavoring to learn the 
severest conditions to which the protective devices will be 
subjected. If there are oscillations a certain type of protection 
should be provided. If finally it should be proved by measure- 
ments that lightning is never oscillatory it’ will simplify the 
design of electrical protective apparatus. Meanwhile con- 
tinuity of electrical service is too important to permit us to 
assume no oscillations when possibly they exist. The cathode- 
ray oscillograph, properly applied, will tell the tale and put an 
end to our speculations. 

My speculative paper is founded primarily on some new 
experimental evidence of low resistance of sparks. By the 
term sparks is meant the accepted designation of conduction by 
gasses and is to be distinguished from conduction by metallic 
vapors. I think the metallic vapor was driven from the con- 


ducting stream in which currents as high as 30,000 amperes were . 


recorded by the oscillograph. Mr. Peek differs with me in my 
assumption that the lightning streak has the same low value of 
specific resistance as I measured in these tests. I cannot be 
absolutely positive that metallic vapor was not present in the 
three-foot length of are. Unfortunately these tests could not be 
included in my brief paper. Metallic vapor travels about 2000 
ft. per second. The driving forces in the are and spark were 
great enough, I think, to give greater velocities to the metallic 
vapor which should have driven it bodily out of the conducting 
stream. 

Be that as it may, the latest researches by physicists, Dr. 
Millikan for example, have shown that the outer layer of electrons 
on such atoms as nitrogen and oxygen may be torn loose under 
extremely heavy current densities. These free electrons in 
great numbers might supply high conductivity in the spark 
stream. Getting electrons free from gases, like nitrogen and 
oxygen, requires more agitation of the atoms and bombardment 
than from metallic vapors. Under low-eurrent densities 
nitrogen and oxygen in a spark have admittedly lower con- 
ductivities than metallic vapors. It seems to me, however, 
there is great risk of being wrong to assume that under the 
intense forces of a lightning discharge the ionization of nitrogen 
and oxygen is not appreciably greater than when measured at 
lower current densities. The electrons exist in great numbers in 
the gas atoms. It is a matter of experience that the electrons 
under bombardment can be separated from the atoms and 
thereby become conductors of electricity. The degree of condue- 
tivity is the question debated. 

In Dr. Whitehead’s discussion I wish to correct a misunder- 
standing. He says, ‘“‘Creighton is making a radical departure 
from a considerable mass of expert opinion when he assumes that 
the discharge is always oscillatory.” I do not assume the 
discharge is always oscillatory. I agreed with these experts 
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(second page of my paper) that they are right. I think many 
lightning discharges are non-oscillatory and the cloud part 
(the blue brush and weak spark portion) of every discharge must 
necessarily be non-oscillatory. The resistance of the path, or in 
other words wide-spread dissipation of the energy, is too great to 
permit oscillations,—aceording to the accepted mathematical 
theory. I discussed this matter of location of resistance at the 
time De Blois published his paper. In brief, the situation may 
be stated as follows: If we mentally replace the highly con- 
dueting streak, say a mile high, by a metallic conductor the top 
of the conductor will act as one plate of a condenser and the 
earth as the other. The electromagnetic energy will be stored 
up around the conductor. Since the oscillating current (assu- 
ming it exists will be greatest near the earth, the electromagnetic 
- energy will be greatest there. According to this understanding 
the lightning bolt should fade away, beginning at the top and 
rapidly extending downward. The main streak of the lightning 
stroke is indeed a vertical antenna and it radiates a part of its 
energy as has been pointed out by Dr. Slepian. 

Radiation of ‘‘wireless waves’’ by the lightning is admittedly 
a factor too important to neglect. Aside from the heavy drain 
on the energy in the lightning bolt by electromagnetie waves there 
is also the further drain of energy in the form of heat and light, 
both at relatively high frequencies. To offset these losses and 
thereby to keep up the possible oscillations there are sources 
of supply of energy which may be drawn on after the first cycle 
of natural oscillation. One source of energy is in the thunder- 
cloud itself. We know definitely by measurement that. the 
energy in some thunderclouds is not given up immediately and 
thereby exhausted during, the first stroke. Correspondingly, 
therefore, we may infer that the energy is not all given up by 
the cloud to the bolt during the first part of the stroke. This 
speculation is appropos to a continuation of the oscillation. 

Furthermore, there is another source of energy which may be 
designated as “‘burning the atmosphere.” It requires a great 
expenditure of energy to disrupt the atmosphere during the 
initial formation of the lightning bolt. Why should this energy 
not be returned in part, on recombination of the elemental 
parts,—just as for example in the combining of carbon and 
oxygen. 

The million eyeles per second as a natural frequency of light- 
ning, that Mr. Taylor mentions in his discussion, was derived 
from some measurements made in Colorado about eighteen 
years ago in conjunction with Clay and Peek. The frequency 
was obtained not from lightning, but from resultant oscillation 
in the power transmission cireuit. It is admitted that these 
oscillations may have been local in the cireuit and not due to the 
lightning bolt. 

In closing, I wish to point out again the characteristic attitude 
herein that we should look to the worst effects of lightning, 
with the understanding that protection successful against the 
worst will make all the lesser effects negligible. 


ELECTRIC POWER APPLICATION IN PACIFIC 
NORTHWEST FIR MILLS! 
(WRIGHT) 
PasapEna, Car., OcrosEr 16, 1924 
G. B. Rosenblatt: I have recently interested myself in the 
electrification of the lumber industry, and looking at it as an 
outsider who is coming in, I have seen some things, possibly, 
that those who have grown up with the industry don’t recognize. 
First, there doesn’t seem to be any formula for determining 
the size of equipment to put in. It is done on the basis, evi1- 
dently, of general past experience and if the conditions change 
that experience is not changed accordingly. I want to ask 
Mr. Wright whether there has ever been developed any formula 
for determining the size of motors used in conveying machinery 


around the sawmill? That is, the proper size of motor for use 
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for the chains and the rollers and the conveyors that move the 
products at different stages of its completion around the mill 
from machine to machine. In all the mills I have seen in the 
last couple of years, and I have seen 100 or more, about the 
same size of motor is used in the same application no matter 
whether hauling a big fir log, a little strip of pine, or a big red- 
wood. I am wondering if somebody has determined how to 
figure the right size of motor for the operation of the conveying 
machinery around the mill. 

In the metallurgical industry, with which I have had much 
experience, we had a definite method of determining what size 
motor to put on a given conveyor; we knew what it had to 
transfer, how far it had to raise it and all of the detailed infor- < 
mation to enable us to figure out what size of motor was best 
suited for that purpose. The lumber mill doesn’t seem to have 
anything of that sort unless Mr. Wright happens to know of, or 
has developed such a method himself. 

Another thing that struck me in connection with this sawmill 
electrification, is that while everybody admits that the power 
factor is bad, and that it ought to be better, all they do is to 
attempt to cure it after it is made. It struek me that that is 
an uneconomie way of approaching this problem. I want to 
ask Mr. Wright whether any studies have been made, that he 
knows of, for improving this power factor before hand, rather 
than spending time and money in trying to cure it after it has 
been created? It struck me that synchronous motors could be 
used more generally in a sawmill. Have any studies been made 
to determine the feasibility of putting in these synchronous 
motors to improve the power factor? This matter of making a 
poor power factor and then trying to cure it later, I think, is an 
uneconomic way of approaching the problem. 

Another point that occurred to me is that while we are electri- 
fying sawmills in a large way, we are still sticking to the old 
steam-operated equipment at the head of the mill. Where we 
don’t want to use steam we sometimes put in compressed air and 
operate the old steam machinery, but we haven’t truly electrified 
it. On a few installations the dogs on the saw carriage are 
direct motor driven. That is the “‘Perey Dog” developed by the 
Chief Engineer of the Union Lumber Company. I wonder if any 
real work is being done towards further electrifying that part of 
the mill? 

The same is true of the saw carriage. Nearly every saw 
carriage in a mill of any capacity is either steam-driven, or, in a 
few cases, driven by compressed air in the old steam engine. I 
know that one of the principal lumber companies, the Weyer- 
haeuser Company, at Everett, is experimenting with a completely 
electrically driven saw carriage, without any reference to the 
old steam practice, using equipment that is comparable with 
that used on high-speed traction elevators. I wonder if Mr. 
Wright can tell us whether anything else of that sort is being 
done? 

In revard to control of certain of the sawing machinery that 
is moved up and down—in all the mills I have seen, those saws 
seem to be moved by air cylinders which are the outgrowth 
of the old steam cylinders. I have heard of people trying to get 
away from that practice and if Mr. Wright could give us any 
information along that line | think it would be very valuable. 

C. J. Russell: The question of low power factor due to 
industrial loads is one which is increasing in importance year by 
year in the East. The subject is one which must be dealt with 
sooner or later, due to the great increase in industrial applica- 
tions. The story is told in the Hast that the subject of power 
factor is of no interest on the Coast or in any case where power 
is transmitted for a long distance. It is possible, however, that 
when a connected industrial load reaches 400,000 or 500,000 h. p., 
power factor may become quite a question. 

The present speaker has served for several years upon com- 
mittees dealing with this subject. The late Dr. Steinmetz 
was a member of this committee, intensely interested in this 
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subject and in one of his last letters commented upon the faet 
that so little real interest had been taken in the matter. 

Briefly the situation in Philadelphia, with respect to power 
factor may be of interest. During the war, Philadelphia was one 
of the greatest munition-manufacturing centers in the United 
States. The question of the supply of power became a serious 
one. Several plants had connected loads of from 20,000 to 
40,000 h. p., made up of great numbers of individual motors of the 
induction type. Drastic rules were adopted as to power-factor 
requirements, a minimum of 95 per cent being stipulated. 
Without any trouble, however, power factors of 97 per cent were 
obtained through the use of synchronous motors on air compres- 
sors, pumps, ete. 

From the studies made of these, installations, and the effect 


upon production and losses of all kinds, we became firmly con- ’ 


vineed that it was economically right to establish high power 
factor standards for all power installations. These were set at 
80 per cent for installations on the order of 50 h. p. and 90 to 95 
per cent for larger installations. Such regulations seemed severe 
but they have accomplished great good for the customer as well 
as the utility. About 25,000 kvy-a. of corrective apparatus of 
various types have been installed on our system and the results 
are eminently satisfactory. 

The correction of power factor is an engineering question and 
each case must be passed upon according to its characteristics. 
We have a very large capacity in synchronous motors on our 
lines, a large number of synchronous condensers, and many static 
condensers, both group and individual, have been installed with- 
in the last three years. The most important part of the results of 
this work is to be found in the experience of the power users who 
have been greatly benefitted. The results of an investigation of 
this subject will be published shortly in the technical press and 
will undoubtedly interest electrical engineers and particularly 
those connected with public utilities. It is rather unfortunate 
that power-factor correction cannot be accomplished without 
giving a bonus for the results or penalizing the customer who 
does not make the correction. The real gain to the customer 
himself along the lines of unit cost of his product is such that 
high power factor should be maintained without regard to the 
bonus or penalty system. 

There has been much talk about low power factors being due to 
improper motor applications. This is a subject that is worth 
consideration from the Institute standpoint. It should be 
remembered that industrial-plant conditions are not permanent, 
being affected by business cycles, seasonal cycles and perhaps 
labor changes. Any change in raw materials may make a 
radical change in the amount of power required. For all these 
reasons we can hardly expect that absolutely correct sizes of 
motors can be installed to fit the demands each hour, day, 
season or year. 


Another point that must be considered in dealing with the 
motor size question, is due to the cyclic character of many 
mechanical operations. We have been making a careful in- 
vestigation of this matter in Philadelphia. We find many 
eases in which, while integrated readings over 15-minute or 
one-half hour periods would indicate that motors installed to 
operate machines are entirely too large, they are of the correct 
size to meet the cyclic demands which may be of such short 
duration of occur so frequently that it is impossible to use 
flywheel effect. 

The last word in this matter is that the motor must be of such 
a size as to do the job for which it is installed. It is put there to 
produce goods and if too small to meet the peak demands, 
production cannot be obtained to the full capacity of the ma- 
chine. It is, of course, well known that a loss in production of 
from 1 to 5 per cent, and tests have shown as great as 16 per cent, 
will have a serious effect upon the plant costs in most forms of 
industry. The correction of power factor has been thoroughly 
covered from the technical point of view, but is worthy of 
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careful study by members of this Institute on account of the 
economic benefits which will result from high power factors. 

In conelusion it may be of interest to repeat what Dr. Stein- 
metz said about a month before he came West. 
he had come to the decision that there was no single great 
economie factor in our business remaining undealt with as 
important as power factor. He called attention to the enor- 
mous amount of money spent to attain a very small percentage 
of additional efficiency in the generation of electricity, and to the 
fact that the economies of power factor are of importance in the 
isolated plant as well as the public utility in case alternating 
current is used, and affect all the operations from the generator 
to the device utilizing electric power. 

C. A. Heinze: It is a fact, as brought out in Mr. Wright’s 
paper, that without any general knowledge of how much power 
is required in the lumber-mill industry, it occurs, and occurs 
quite frequently, that motors too large for the requirement are 
installed and naturally, when working under average conditions, 
operate at very low power factors. In most of the large in- 
dustrial plants that I have in mind in Southern California the 
average power factor of the plant will not exceed 65 per cent. 
This ig very important and should be given careful consideration. 
Partial correction lies first, in providing proper-sized motors; 
second, in providing a motor to drive a group of machines 
having intermittent operations; and, third, providing on some 
heavily loaded continuously operating machine an over-excited 
synchronous motor for correction of the plant power factor. 

J. L. Wright: In general I wish to state that the electrifica- 
tion of sawmills has been accomplished by sort of a rule of thumb 
method. This was not the fault of the electrical people exactly 
but at first we were not able to get the sawmill men to cooperate 
with us. These mills were all at first designed by sawmill ma- 
chinery people who had not only steam engines to sell; but 
they had transmission machinery such as shafting, pulleys, ete., 
as well and it was almost impossible to get them to see the elec- 
trical way. 

There are a lot of things we should like to do and ean do but 
the lumbermen will not give us a chance to do any experimenting. 

In regard to conveyers, it is almost impossible to figure out or 
obtain any kind of a formula to figure out the exact h. p. required 
for driving conveyors in a sawmill. Nearly every sawmill is 
designed differently; in other words, there are no two mills 
alike. As a result, if you go ahead and try to figure out any 
correct size of a motor to drive a conveyor, you will find, after it is 
operating for a while, that conditions change altogether, and 
that this conveyor may be called upon to carry a much larger 
quantity of refuse than was originally intended. 


Conveyors taking trash away from a sawmill are called upon 
to do different work nearly every day. The amount of trash 
that a conveyor carries away depends entirely upon the kind of 
logs brought into the mill to be cut up into lumber. When a log 
comes into the mill they have no idea what percentage of the 
log will be waste. In some eases, nearly the whole log is waste. 
As a result the trash conveyors are called upon to carry an ab- 
normal amount of trash away from the mill. But again a log 
may come into the mill that would have very little trash, when 
the conveyor will have little to do, so it can readily be seen that 
it would be impossible to calculate a motor that would be cor- 
rect for all conditions. As a result we generally put on a motor 
that is large enough to take care of the maximum conditions. 


In reference to the question as to the use of synchronous. 
motors for driving an edger, we have given this a great amount 
of thought, but cannot find how this is a logical application 
of a synchronous motor. In considering the problem, we have: 
tried to find out what results might be expected to be obtained 
from a synchronous motor, the comparative costs, and also the 
space required by the synchronous motor. 


The load of the edger motor is very intermittent and varying. 
The peak values during a cut is on an average of 200 to 250 per 
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cent of full-load current. If we use a synchronous motor for 
this drive,—the time that we really want power-factor correc- 
tion, on the peak load of the edger, we shall get very little cor- 
rection, while at the light load of the edger, when power factor 
correction is of no benefit, correction will be possible. I there- 
fore, do not see how much benefit will be derived from putting a 
synchronous motor on an edger. 

Some of the disadvantages are due to the location of the motor 
with respect to the edger. It is very important that as simple a 
construction of a motor as possible be installed. The space is 
very limited for the motor and also the place is very dirty. 
Therefore, if we do use a synchronous motor it will be necessary 
to have it completely enclosed and to obtain excitation current 
from an external source. 

As stated in the paper, the logical application of synchronous 
equipment for power-factor correction in a sawmill is driving 
such a load as an exhaust fan or air compressor with a syn- 
chronous motor. These drives have a constant load at all 
‘times and the synchronous motor can be set so that a certain 
amount of power factor correction is maintained during the 
entire day. This will help the entire system and will be of 
benefit when you really need it. 

Another way of correcting power factor in the sawmill is by 
means of a synchronous condenser. We have a great number 
of mills in the northwest with power factor corrective apparatus, 
as mentioned above, and they are obtaining the results desired. 


ELECTRICITY IN MINES! (Sronr) 
PasaDENA, Cau., OcTroBER 16, 1924 


G. B. Rosenblatt: The paper apparently deals mostly with 
the application of certain electrical equipment to coal mining and 
makes little reference to metal-mining practise with which I am 
much more familiar. If it will be remembered that the remarks 
I have to offer are based on my experience in the metal-mining 
field and may fit in with coal-mining practise only insofar as 
they may apply to it, I would like to offer the following comments: 

Emphasis is laid by Mr. Stone on the importance of main- 
taining ventilation underground. He then suggests for the 
drive of the fans to maintain this ventilation, a-synchronous 
motor of the type designated as ‘‘super-synchronous,”’ that is, 
the type whose stator revolves during starting. Admission is 
made that this type has never been applied to such work but the 
author advocates it. It is my opinion that the design of the so- 
called super-synechronous motor has not progressed to the point 
_ where it may be considered sufficiently reliable for such an 
important application. This type of motor has today been used 
almost entirely for the drive of ball or tube mills in cement 
plants. While continuity of operation is important in such 
service, it is not paramount. If a tube mill shuts down due to 
motor trouble, a certain production is lost—but if a mine fan is 
shut down due to motor trouble at critical moments, men die. 
In connection with investigations conducted by a prominent- 
western mining organization which decided on synchronous 
motor drive for its tube mills, existing installations of the so-called 
super-synchronous motor were investigated. The results of 
this investigation were that the synchronous motor with stator 
revolving for starting was not deemed altogether reliable. It 
may therefore be considered that this type of motor in its present 
stage of development is not suitable for mine-fan drive where 
human lives are at stake. 

In discussing the applications of synchronous motors to 
mining work, it is to be regretted that no mention has been 
made of the really large field for such installations afforded by 
air compressor and pump drive. The introduction of syn- 
chronous motors into the mining industry is really a very 1m- 
portant matter to all of the large power systems which supply 
such load as well as to the mining companies which generate their 
own power. All metal mines use a large amount of compressed 
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air. Simple: direct-connected synchronous motors are most 
readily applied to the drive of the requisite compressors. Of late, 
synchronous motors have also been very successfully applied to 
driving mine pumps and there are now some very large under- 
ground pump stations in western mines equipped entirely with 
synchronous-motor-driven pumps. 

The author seems to feel that the field of usefulness for storage- 
battery locomotives underground is decidedly limited and possi- 
bly decreasing. My own experience does not bear this out. In 
metal mining particularly, we find the properly designed storage 
battery locomotive increasing in popularity and use. It is the 
poorly designed and improperly applied storage-battery loeomo- 
tive that has caused the failure of certain installations of storage- 
battery haulage. Coming right down to fundamentals, the 
comparison is not fairly to be made between the trolley type or 
gathering-reel locomotive and a storage-battery locomotive, but 
should rather be made between the two types of haulage systems 
as a whole, including in such comparisons all items that go into 
the actual cost of hauling a unit of ore or coal over a unit of 
distance. The machinery designer—the factory engineer— 
may be much interested in different advantageous details of one 
type of locomotive as against another, but the purchaser and the 
user—the man that pays the bills—is primarily concerned with 
what it costs to haul his ore or Goal per ton and per mile. 


Mr. Stone states “induction motors have been installed on 
electric shovels but from all information the writer has been able 
to secure, the d-c. Ward-Leoanrd control is much more de- 
pendable and the operating costs considerably lower.” 


The relative advantages of a-c. versus d-c. for large shovel 
drive has been a moot question among interested engineers for 
the past several years and each system has had its staunch sup- 
porters. Some while ago, a prominent copper company which 
had for years been doing their mining with over 20 large steam 
shovels decided to electrify the shovel operations. The argu- 
ments submitted by the various supporters of the two systems 
of electric drive—a-c. versus d-c.—were carefully and pains- 
takingly reviewed by the management of the mining company 
who finally came to the conclusion that all the arguments pre- 
sented were based largely on opinions and deductions and not on 
known facts, so they set out to find of the facts for themselves. 
They bought and installed two shovels—both identical mechan- 
ically—one equipped with Ward-Leonard d-c. equipment, the 
other with a-c. induction motors. The electrical installation of 
each type was supervised by the manufacturers advocating that 
particular type, so that both shovels had the advantage of the 
best electrical engineering talent. These shovels were then put 
into regular mining operation and their performance carefully 
watched and recorded by both the engineering and operating 
staffs of the mining company. After several months operations, 
the mining company decided that sufficient data had been eol- 
lected to permit it to determine upon the type of shovel for its 
subsequent electrification. In order to assure itself that its 
judgment in making this important decision would be as correct 
as possible, the mining company secured the services of one of 
the best known American electrical engineers and a prominent 
member of this Institute to assist its own engineering depart- 
ment in selecting the most advantageous equipment. As aresult 
they bought shovels equipped with a-c. induction motors—not 
the Ward-Leonard d-c. equipment. 


The test records of this mining company covering the actual 
operation of both types of shovels under real mining conditions 
are most interesting. ‘They indicate that the a-c. equipment: 
(1) Costs less to buy than the d-e.; (2) Is much simpler than 
the d-c.; (3) Should have materially less maintenance than the 
d-c.; (4) Consumes slightly—very slightly—more power than 
the d-c. per average ton of ore dug; (5) Can dig a bit faster than 
the d-c. equipment; (6) Imposes somewhat greater peaks and 
considerably poorer power factor on the power supply line. 

These tests were made with big railway-type shovels mounted 
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on caterpillars and the results, while conclusive, may not apply 
to all installations. However, the outcome of these large scale 
service tests certainly confutes Mr. Stone’s statements regarding 
the general superiority of d-c. equipment for electric shovels. 

C. H. Matthews (by letter): This paper seems to cover the 
application of electrical equipment to coal mines from the manu- 
acturer’s standpoint and I wish to make several comments that 
affect the practical use of the equipment described. 

Mine ventilation, as Mr. Stone states, is of paramount im- 
portance and the most reliable and proven apparatus must be 
selected. The common design of synchronous motor with 
magnetic clutch is a very reliable piece of equipment and is 
suitable for driving fans of almost any capacity and speed. 

Induction motors have proven efficient and reliable for 
driving mine fans but must be used with some form of speed 
reducer whereas the synchronous motor ean be efficiently built 
for almost any speed for direct connection. 

Where power-factor correction is necessary synchronous 
motor-generators and synchronous motors driving air com- 
pressors usually give the desired results, and the use of synchro- 
nous motors on mine fans and centrifugal pumps is desirable for 
lowering the power costs. 

The use of storage-battery locomotives is a necessity in many 
metal mines if economical transportation is to be obtained and 
since the requirement of “‘permissible’’? equipment in gaseous 
mines the storage-battery locomotive seems to be getting 
a more permanent berth. There are many engineers who differ 
on the advisability of storage-battery applications, but there 
still remains a demand which must be satisfied. 


The suggested speed of 3 to 3% mi. per hour for gathering loco- 
motives was probably based upon storage-battery locomotive 
speeds which speeds are maintained at a fairly constant rate over 
the working day. With trolley locomotives the speed depends 
upon the trolley voltage so that in the majority of mines a trolley 
locomotive designed for a speed of 3 to 3144 mi. per hour at rated 
voltage and draw-bar pull may not handle the same output as a 
storage-battery locomotive of the same weight and geared for 
the same speed.” Since the voltage has a direct bearing upon the 
speed of trolley locomotives and as the trolley voltage is seldom 
maintained at normal value it would seem desirable to design for 
speeds of 4 to 5 mi. per hour at rated voltage and draw-bar pull. 
Some of the locomotive manufacturers used 500-volt motors on 
250-volt power to obtain slow speeds for gathering. This was 
an easy way to secure data on slow-speed service but it reduced 
the rating of the motor equipment which from an operating point 
of view is not desirable. A study of motor curves on slow speeds 
of 3 to 3% mi. per hour when using 500-volt motors on 250-volt 
power shows that the light-load speeds do not increase in the 
same manner as with motors designed for 250-volt slow-speed 
operation, so that a drop in trolley voltage causes a decrease in 
speed over the whole speed curve which is not compensated for 
to any great extent by light loads. 

Graham Bright (by letter): I believe that a little more at- 
tention should be given to the question of the isolated power 
plant for coal mines. It is true that with central-station power 
available, in the large majority of cases there is little excuse for 
the existence of the isolated power plant. There are, however, 
some localities where central-station power is still not available, 
and there are other cases where the central-station rates and 
form of contract are such that where the mining company has a 
fair supply of good water, and in some eases can utilize waste fuel 
of no commercial value, it would not only be feasible but would 
be economical to install an isolated plant. 

The most important question, by far, in regard to the instal- 
lation of an isolated power plant, is that of water supply. In 
most cases, the water available in the vicinity of a coal mine is 
very poor, and cannot be used in boilers without a treating plant. 
It is true that it is possible to treat water so that it will be very 
satisfactory for boiler service, but these treating plants require a 
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certain amount of skill for their operation, and this skill is seldom 
available in the coal fields. In a great many Gases, as Soon as a 
man is educated to take care of the treating plant, he is likely to 
leave the locality, and the only one available for this particular 
situation is, figuratively, a man who knows nothing whatever of 
this kind of work, and no one has the time to teach him the details. 
The result is that the boiler plant gets in very bad shape and may 
be ruined in a short time. 

Mr. Stone mentions the desirability of having a stand-by 
source of power where the mines are gaseous or collect water 
rapidly. A form of gasoline-engine-driven generator has been 
frequently applied, and Mr. Stone mentions that the hoist and 
fan, under such conditions, can be operated at reduced speeds. 
With the ordinary type of unit, operating at full frequency, this 
this ean, of course, be accomplished with a fan only in ease it is 
of the two-speed type, or of the variable-speed type. The hoist 
can be operated at reduced speed only by means of inserting 
resistance in the hoist motor, and this does not greatly reduce the 
amount of power required, since the extra power is absorbed by 
resistance. Where it is necessary to keep the fan and hoist in 
operation, the writer has proposed a scheme of-supplying a gaso- 
line-engine-driven generator, qperating at reduced frequency. 
This permits the fan to operate at a lower speed, with very much 
less power, and permits the hoist to operate at reduced speed 
with an economical use of power. A plant of this type has been 
installed at one of the mines of the Y. & O. Coal Company, near 
Pittsburgh, and low-frequency emergency power can be made 
available within thirty seconds after loss of the central-station 
power. 

Mr. Stone indicates that the load factor of the anthracite 
mine will be something like 42 per cent. I believe that in some 
of the mines where very heavy pumping takes place the load fac- 
tor is even higher than 42 per cent. In the average bituminous 
mine, however, where the ventilation and pumping are both 
light, the load factor will average about 25 per cent, and in some 
cases may be aslow as 15 per cent. This, of course, is one of the 
reasons why the cost of power at some of the smaller bituminous 
mines is rather high on a kilowatt-hour basis. 

Mr. Stone illustrates a very ingenious scheme for allowing 
the use of a synchronous motor for operating a mine fan. The 
objection to the synchronous motor has always been that it has 
a very comparatively low pull-in, while for fan operation the 
motor should have a pull-in of 100 per cent. Unless a great deal 
of power-factor Correction is required, the installation of a motor 
of sufficient capacity to produce the proper pull-in would not be 
economical. The use of a clutch has not been advocated much 
in the past, due to the added complication. I believe the time 
is coming when the synchronous motor will be used very com- 
monly for the installation of mine fans, but I feel that the motor 
described by Mr. Stone is only a step in the ultimate direction. 
The objection to this type of motor is that extra collector rings 
are required, and in many cases these collector rings will carry a 
voltage of 2200. Another inherent objection to this type of 
motor is that for economical design, the peripheral speed of the 
rotating element of the motor should be fairly high. The sta- 
tionary part of a motor is generally made of steel punchings, 
which furnish the required active iron surrounded by a shell of 
cast iron or cast steel. In ease the stationary part is to rotate, 
as deseribed by Mr. Stone, then the limit in speed would be deter- 
mined by the outside diameter of the stationary part. Even 
when made of cast steel, this part would have to be carefully 
balanced and additional bearings supplied. This would mean 
that the peripheral speed of the rotor would be very much less 
than the economical speed, and for this reason, the motor would 
be more expensive than the standard type. As stated before, 
I believe that the motor described by Mr. Stone is but a step in 
the evolution of the synchronous motor, and the time is coming 
when we will have what is practically a standard motor with a 
magneti¢ or similar clutch, preferably inside of the motor, which 
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ean be operated automatically, and this motor will not cost a 


great deal more than the standard motor. 

Mr. Stone’s curves, showing the power taken by different 
types of motors, are very interesting, and indicate that the 
brush-shifting motor is well worth considering, where variable 
speeds ean be utilized. 

T am glad to know the stand that Mr. Stone has taken regard- 
ing the application of storage-battery locomotives to mines, as 
I know of a great many eases where misapplications have been 
made and the storage-battery l.comotive has been given a 
‘black eye’’ simply because of misapplication. 


The application of contactor control for mine locomotives 
has a great many advantages. In the first place, it makes a much 
safer controller for the operator. A number of accidents have 
occurred where the operator has been seriously burned, due to the 
ordinary drum type of controller blowing out. With the con- 
tactor control, the operator has only the master controller close 
to him, and the danger of his being burned is very remote. 
Another advantage of the contactor control is that it forces the 
mine management to install sufficient copper to give a fair volt- 
age regulation. This not only saves a considerable loss in power, 
but increases the output of the mine, and cuts down the mainte- 
nance of apparatus caused by burn-outs. 


The application of contactor control also lends itself to dynamie 
braking, without seriously complicating the control itself. It 
also simplifies tandem operation in that only one power eable is 
required between locomotives. 


The application of equalizer systems is becoming quite preva- 
lent for both two- and three-motor locomotives, as a proper 
equalizing system will not only increase the power of the loco- 
motive by keeping the load equally distributed on the wheels, 
but will make a much better tracking locomotive, thus prevent- 
ing costly and annoying derailments. The usual method of 
applying an equalizer system to a two-axle locomotive is a rather 
difficult matter if a stable locomotive is desired. . Unless the 
equalizer bars are restrained in some manner, the locomotive 
may become tilted to one end or the other and remain in that 
position. This is also true of the three-axle loeomotive, where 
the axles are equalized all the way along each side. Where this 
type of equalizer is used, you will frequently notice that the 
locomotive is considerably closer to the track at one end than it 
is at the other. One way to eliminate this unstable condition 
is to equalize two axles on the sides and cross-equalize the third 
axle. 

A feature illustrated in Fig. 9 of Mr. Stone’s paper, but not 
mentioned by him, is the method of taking the end thrust on the 
end of the axle, rather than on the wheel hub. This is a distinct 
improvement on the older method, and is being almost univer- 
sally adopted. It provides an easy method for taking up the 
end play and for lubricating the surfaces which take the end 
thrust. It also keeps the supply of lubricant for the main jour- 
nals in.a much cleaner condition, and for this reason the mainte- 
nance on the main journals and brasses should be much reduced. 


T agree with Mr. Stone that the question of whether to use the 
synchronous converter or the motor-generator set for substa- 
tions is large determined by the nature of the power supplied. 
With good voltage and frequency regulation there is no reason 
why the rotary converter should not give as good service as the 
motor-generator set, and it will have much better efficiency. In 
many of the bituminous mines, the sub-station will operate a 
considerable portion of the time at very light load. The losses 
with a synchronous converter are only about one-half of what 
they would be with a motor-generator set under these conditions. 
Where sufficient copper is installed, the constant voltage supplied 
by the synchronous converter will give very satisfactory opera- 
tion. The over-compounding obtained by a motor-generator 
set in many eases indicates a considerable loss, and the high volt- 
age near the sub-station during heavy loads is often injurious to 
compound and shunt-wound motors working in the vicinity. 
The automatic sub-station has come to stay, and with this equip- 
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ment available there is no real excuse why good regulation should 
not be obtained in most of the working places in the average coal 
mine. 

Mr. Stone’s remarks in connection with the application of 
specially shaped drums to hoists are very much to the point, and 
where short, fast eyeles are required, a very careful analysis mus} 
be made or the effect of the specially shaped drum will be entirely 
defeated. 

In connection with electric shovels, the question of which is 
the best type of equipment to use has not as yet been finally 
settled. There seems to be a great deal of merit in the applica- 
tion of direct-current motors, using motor-generator sets and 
Ward-Leonard control. This type of equipment is rather com- 
plicated when it comes to the number of machines involved, but, 
of course, has an extremely simple and efficient control. The 
straight alternating-current motor, however, requires very much 
less equipment, and where the power system has sufficient capac- 
ity, this type of equipment has some advantages over the 
direet-current equipment. Just recently a large mining com- 
pany in the West, which usesagreat many shovels for a stripping 
operation, has conducted tests on both types of equipment, and 
have come to the conclusion that alternating-current is more 
efficient and less costly to install. From the results of the tests 
and investigations, they have decided to start equipping all of 
their steam shovels with the alternating-current system, using 
induction motors. 

The direct-current shovel equipment in operation at this time 
using motor-generator sets and field control seems to be rather 
sluggish when compared to the alternating-current, and it is 
generally found upon comparison that the alternating-current 
equipment will dig and load more material in a given time than 
the direct-current of the same capacity. 

F. L. Stone: Referring to Mr. Matthews’ very interesting 
discussion, I agree with him entirely in his comments on storage- 
battery locomotives. There are places where their installation 
indicates good judgment on the part of the management. 
Like many other pieces of apparatus, it could almost be con- 
sidered as a necessary evil under certain conditions. I tried to 
make this clear in the paper. It is the promiscuous and careless 
application of storage-battery locomotives to work that they are 
not suited to perform that the writer objects to. 

Reference has been made to a prominent mining company in 
the West, where two practically duplicate shovels were installed, 
one being driven by a-e. motors and the other by d-c. motors, with 
variable voltage control. Before the tests on these equipments had 
reached a stage from which anything very definite could be de- 
duced, the mining company purchased seven additional a-c. 
equipments. After the shovels had been in operation a year or 
more and some of the new a-c. shovels had been delivered and 
were put in operation, the mining company then felt that it had 
sufficient data to make an intelligent selection. It then purchased 
eight d-e. equipments. This, I think, together with the fact that 
many other companies have, on investigation, purchased d-e. 
drive, fully substantiates my statement. 

In regard to Mr. Bright’s discussion, will say that I am sorry 
I did not have time or space to go into great detail in connection 
with the problem of isolated plants versus purchased power. 

Mr. Bright’s comments on the super-synchronous motor show 
a very clear understanding of the subject. I might state that 
over fifty of these machines have been shipped and put in 
service. The collector-ring trouble which Mr. Bright refers to 
was taken care of by thoughtful and careful design. No trouble 
from this souree has been brought to the writer’s attention. 
The stator, as Mr. Bright points out, must be and is, very 
carefully balanced. The peripheral speeds of the stator are not 
at all excessive, and the factors of safety are very large. The 
ease of control while starting the load by means of the band 
brake is a very noticeable feature in this motor. The load can be 
brought up at a high rate of speed or at a low rate of speed, or 
the rates can be varied during the starting cycle at the will of the 
operator. 
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_G. E. Stoltz: One important contribution that electricity 
has made to the steel industry is due to the economy and ease 
with which energy can be transmitted throughout the plant and 
the economy with which this energy can be utilized in electric 
motors. Steam engines were employed to drive machinery in 
our steel plants before the advent of the electric motor. Steam 
was usually gererated in several boiler plants as one large 
boiler plant was not feasible due to the leakage in the long steam 
lines and the drop in steam pressure. The steel plants in fact 
had to be laid out with the idea of locating their mills in such a 
way that a group of them could be near some individual boiler 
plant. The reciprocating engine does not lend itself to high 
steam pressures and low vacuum which is possible with the use of 
steam turbines for generation of electric power. For this 
reason the generation of the steam was not as economical as is 
possible where steam turbines are used. 


The large difference between steam drive and electric drive is 
in the transmission of energy from the generating station to the 
load. It is not unusual to find a steam plant where during 
business depression only half of the steam is utilized for useful 
work. The remainder is lost in condensation, steam traps and 
leaks. It is difficult to locate all of these leaks and they may go 
on for years without notice. Where energy is transmitted 
electrically any leakage between phases or ground is immediately 
brought to our attention and in order to continue successful 
operation the cause of the trouble must be immediately 


removed. 

The next greatest difference between steam drive and electric 
drive is at the point where the energy is utilized. Steam 
engines may have fair economy at some selected load but the 
reciprocating parts are bound to wear and destroy the economy 
of protection. As the engine grows older it is more difficult 
to maintain good economy. . This is not true with the 
electric motor as its efficiency is not effected with years of 
service. 


While it is physically possible to use engines and also to 
transmit steam from the boiler plant to these engines, electric 
motors and the necessary transmission lines require very much 
less space and electric wires can be carried to almost any se- 
eluded spot so that the steel plant which uses electric drive can 
place its generating plant at a location most convenient for 
generation of power. This is usually near the blast furnaces 
where blast furnace gas is utilized. The mills then can be 
located without any reference whatsoever to convenience in 
transmitting power to the motors. It is this flexibility and 
economy of transmission of power, as well as the econom- 
ical utilization of energy at the load which forms one of the 
greatest contributions electricity has made to the steel 
industry. 


Ralph Bennett: I have been thinking a good deal, in 
recent years, of this matter of by-product power and Mr. Pauly’s 
paper brings up a very interesting proposition. If you accept 
the theory of monoply for public utilities, is the concern having 
the monoply warranted in making a rate, we will say, of 1 cent 
at one end of the line and four cents at the other in order to 
maintain an average rate of 3 cents, making the low rate to an 
industry which is wasting, up its stacks, as heat, more than 
sufficient power to operate its motors and on which they could 
install a steam plant at a cost which would show a good earning. 
This is to me a fascinating angle, in the matter of rates, and the 
theory of monoply. Is a utility expected, and should a utility 
be allowed to take the load offered if the load can be more 
economically supplied by the individual? 
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THE DEVELOPMENT OF A SUSPENSION -TYPE 


INSULATOR! (Sir) 
Worcestmr, Mass., June 5, 1924 
AND 


Pasappna, Cau., OcropEer 15, 1924 
Discussion at Worcester 

E. M. Hewlett: In trying various materials in experimenting 
on the first suspension-type insulator we found that any com- 
pound or any material that can carbonize, will carbonize. I am 
in hope that by distributing the strain in the way that Professor 
Smith has done, the carbonization will be reduced and the life 
of the rod lengthened, but it seems that in this electrical work, 
anything that can happen will happen. For instance, when an 
insulator is subjected to fog, you get a little dampness on the 
surface. Or when you get it out in the Middle West, in the Salt 
Lake section, where you get alkali dust, then you get a surface 
condition that will start a little static and start a little leakage. 
These conditions, with the available materials, are likely to 
result in deterioration. 

The thing that we have always been looking for on all insu- 
lators, and I think in a good many other things, too, has been a 
suitable material. 

Now, of course, if we can get a better porcelain, a porcelain 
twice as strong, or 50 per cent stronger, a little tougher, with a 
better dielectric strength, we can do quite a good deal, even with 
our present design. If we had a ceramic material, which we felt 
was safe under tension conditions and wouldn’t erack and drop 
the line, why, then we could work something of this kind of a 
design. On the wireless antennae, they use a 50-in. long tube, 
314 in. in diameter, and they shield the ends with a ring very 
much in the same way as Professor Smith has done here. They 
do not use the rings for rain shields, but just as distribution rings. 

On transmission voltages above 110,000 volts, it has been 
found that the lower disk on suspension-unit strings takes alarger 
percentage of the total electrical stress than the other units of the 
string. Therefore, on the higher voltages it has been found 
necessary to put grading rings on the strings in order to balance 
up the stresses. That process can be earried on so that the 
present types of suspension units can be used for any voltages 
that we know of at the present time. 

We are in need of materials that will withstand arcing statie 
and corona. The discovery of such materials will not only 
render possible numerous suggested designs, but will also open 
the field to many new designs of insulators for high-voltage 
transmission insulation. 

C. L. Scott: In 1904—twenty years ago this summer—the 
International Electrical Congress was held in St. Louis. It had 
many sections. One of them was ‘Power Transmission.’ 
I happened to be its Chairman. One of the best groups of trans- 
mission people that had ever come together were there, pre- 
senting and discussing papers—something like half of them re- 
lated to the line or the insulator. 

It is interesting to read now the criticisms of the pin-type 
insulator, its construction, its theory, its size and its performance. 
V. G. Converse, who was the man who had made the underhung 
insulator that Mr. Skinner spoke of, had a long paper on insu- 
lators, a historical paper which described and illustrated all the 
different sizes and types. He refers to his underhung insulator 
or underserewed insulator and goes on after saying that the pin 
insulator had been growing in size until it approximated a 
Chinese pagoda, to give another form of the same thing with an 
improved construction. 


Dr. Perrine suggested the building of a little cottage over each 
insulator to protect it from the weather, a sort of a cubical, 4 or 
5 ft. in size, open on two sides to let the line run through. Every- 
body was pointing out the insulator as the limitating element in 
transmission which had then reached 66,000 volts. We had the 
transformers but not the insulators. 
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M. H. Gerry, the man who started the first 50,000-volt plant 
for the Missouri River Power Company—spoke of his insulator 
experience, and made some very significant remarks. Hoe 
deseribed and illustrated some experiments showing the dis- 
charge over glass plates—-simple static experiments—and he 
said, “The direction in which we will have to look in the future 
is a study of the electro-statiec conditions. They are coming 
into consequence at these higher voltages.” 

Three years later, in 1907, papers at the Niagara convention 
of this Institute by Buck and Hewlett presented a new type 
of transmission. The problem had been to hold the line in 
place, to hold it steady. 1t had been above the cross arm. 
They proposed putting it below. They proposed Jong spans 
hanging the wire from a succession of suspension insulators. 
They changed the law of the insulator from the third power to 
the first power. When you double the size of a pin insulator, 
you inerease its weight as the cube; when you double the under- 
hung type, you use two insulators increasing the weight by two 
instead of eight. There were two very significant things; one 
was the presentation of a new system, and the other was its 
reception. The insulator caused a new era in transmission, but 
the hearers didn’t recognize it; the discussion was trivial. 

The curve of increasing transmission voltages for the last 30 
years or more runs up fairly uniformly to 1903 and then keeps 
on a pretty straight line at about 66,000 volts for five years. 
Then there is a sudden jump up to 110,000 all at once. Then it 
went on up. Why? The suspension insulator had come; it 
changed the whole trend of transmission. 

Now we have again something new. When Buck and Hewlett 
discarded the upright insulator, because it was mechanically 
wrong, they got it mechanically right by shifting the position 
180 degrees.” What has Prof. Smith done? He has treated the 
problem in a broad, engineering way. Most people have tried 
to hang on another insulator or change the shape of the petti- 
coats or change the metal clamp or improve the porcelain. 

Professor Smith does not modify; he starts de novo. He pro- 
poses a dozen or more different requirements to be met and they 
seemed wonderfully exacting and almost impossible. But he 
had the courage to lay them out and then to meet them. 

Now, what has it come down to? Why nothing at all but 
a metal umbrella with a wooden handle with an ornament at the 
bottom, but it apparently meets the mechanical and electro- 
static requirements. 

I wonder whether we are going to be as slow as the American 
Institute of Electrical Engineers was nearly twenty years ago in 
recognizing that maybe some new thing with big possibilities 
has come such as was presented by Buck and Hewlett. 

V. Karapetoff: I should like to ask Professor Smith a 
question or two in regard to his design, if I may. Electrostatic 
systems may be divided into glow systems and sparkover systems. 
Take two large spheres, a short distance apart and raise the 
voltage to a point where there is ionization on the adjacent 
surfaces. The flying electrons will also ionize by collision the 
remainder of the space between the spheres. Therefore, there 
is no intermediate stage of corona formation and a breakdown 
takes place almost at the same voltage as the first corona ap- 
pears. On the other hand, take two small spheres, placed quite 
far apart. As the voltage is raised, a potential gradient 1s 
reached at which ionization by collision begins at the surfaces of 
the spheres, where the voltage gradient is at a maximum. As 
the air is broken down, the diameter of the spheres is seemingly 
inereased because the ionized portion may be considered as part 
of the metallic conductor. Therefore, a condition is reached at 
which a stable equilibrium. is possible, because the voltage 
gradient beyond the ionized range is not sufficient to cause fur- 
ther ionization by collision. I call such a system a glow system. 
As the voltage is raised higher, the ionized layer increases 1n 
thickness and then streamers begin to form. Finally a complete 
breakdown takes place. This is, then, the difference between 
a spark-over system and a glow system. 
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If I understand correetly, the apparatus to be protected should 
rather have glow characteristics, while the protective apparatus 
should preeminently have spark-over characteristics. If 1 want 
a quick gap to protect some apparatus, naturally I would select 
a condition in which there is no intermediate corona stage; while 
if I want something protected then, 1 should judge, a glow ar- 
rangement is preferable. When the voltage rises beyond a cer- 
tain limit, the apparatus-becomes partly self-protecting by the 
formation of ionized corona regions, and when the voltage goes 
down, the apparatus field becomes normal again. 

I understood Professor Smith to say that in his insulator a 
sparkover takes place without previous corona formation, and 
I should like to ask him if this is theoretically possible, with the 
shape of the guard ring that he has, or with the lower terminal 
and the umbrella above. His photographs show that the electro- 
static flux spreads out from the lower ring reaching a maximum 
dielectric flux density there. So that, theroetically, at least, a 
stage is reached at which the voltage gradient at the ring exceeds 
that necessary for ionization by collision and an ionized layer is 
formed. The same applies to the edge of the umbrella. I do 
not say that with the construction used these layers are neces- 
sarily harmful; I only should like to know if they exist. 


Another question which I should like to ask Professor Smith is 
this: He spoke of a hollow field. To me, a hollow field means a 
field which is more intense on the outside than on the inside. 
For example, if we have an iron pipe, longitudinally magnetized 
by a coil, we might say that it has a hollow field, in the sense that 
the flux density in the material of the pipe is greater than in the 
interior space. Now, the permittivity of wood is at least twice, 
if not more than twice, that of the air, so that with the same 
applied potential and the same average voltage gradient we 
should expect a higher flux density in the central wooden stick 
than in the surrounding air. Can such a field be called hollow? 
The field is very skillfully arranged and the lines of force are 
almost parallel to the outer surface of the wood, so that there is 
no corona formation on the surface. I understand this point. 
But is it not true, nevertheless, that the dielectric flux density 
is higher in the rod than it is in the air? 

This may seem like splitting hairs, but seeing that we are now 
in the midst of a new and rational epoch in the development of 
insulators, let us start our terminology right, before it is too late. 

H. A. Stanley: All the experiments we have seen, and the 
talk we have heard, have had to do with the insulator in the 
vertical position. I assume that we are not going to get away 
from the use of insulators in the strain position. This particular 
insulator is not adapted for use horizontally. For instance, the 
lower bowl, I should judge, would bold water in the horizontal 
position, and I would like to inquire if the thought is to work out 
something different for use in the horizontal position? 

The second point is the copper. I suppose that when the 
manufacturers get around to selling this device to us they will 
try to make it in some cheaper material. I would like to in- 
quire if there is any reason, theoretically, why it couldn’t be 
made of galvanized iron. 

Mr. Bowlen: ‘The point Mr. Stanley just brought out about 
the insulator being placed in a horizontal position, is, I think, of 
considerable interest, and I believe, in that connection, there is a 
strain insulator on the market at the present time which uses a 
wooden core as its principal tension member, covered with porce- 
lain tubes filled with petrolatum or oil. That is used on a span 
something like 3000 ft. long and it is in successful operation, it 
has a means of re-filling the space between the wooden core and 
the porcelain. That might be the answer to putting it in the 
horizontal position. 

Discussion at Pasadena 

W. A. Hillebrand: Professor Smith, perhaps, has revived 
the first form of suspension insulator that was brought out. 
We have insulators today that operate and constitute a not un- 
reasonable charge upon the system. If you take into account 
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obsolescence their charge is less than that of many other elements 
of the system. Today, it is probably less than the direct depre- 
ciation charge of wood poles and cross arms, and taking into ac- 
count obsolescence, it is less than the charge upon the earlier and 
comparatively recent types of prime movers, generators and oil 
switches. It is a charge which the industry is able to bear with- 
out imposing an undue burden. I think it is the best practical 
insulator we have today because it works. The only question is 
that of making it a commercial success. It has got to be some- 
thing better or cheaper, to offer equivalent service at a lower cost 
than that which we have today. The only question then is that 
of application. Unquestionably it will be tried out and in suffi- 
cient quantity to give a demonstration. The operation of this 
insulator depends upon the satisfactory maintenance under field 
conditions of an initially established gradient. 

This matter of bird droppings causing flashovers, to my mind, 
is a question as to whether with two units your field will be strong 
enough to exclude foreign particles and moisture. There is 
a leakage problem that is, perhaps, the most serious of all. 
We have a new material, which is treated wood. 

Now, there is one thing that is fundamental, and which applies 
to both the manufacturer and to the user of that type of insulator, 
that is, the failure of a single piece of dielectric. and that applies 
to any known dielectric, means the dropping of the line. That is, 
a failure from any cause whatever, straight mechanical failure, 
puncturing, burning due to leakage, arcing due to flashover— 
anything that causes a line interruption means a loss. Now, 
experience has shown that you can have as many as 30 per cent of 
the pieces of dielectric fail mechanically, or electrically before 
obtaining the first line interruption. That is solely a matter of 
the number of pieces used; that determines the reliability. With 
insulators of the types now in common use, the reliability is the 
funetion of power of the number of insulators in the string. 
That is one of the most commonly overlooked and one of the 
most fundamental applications in regard to insulators today. 
On the other hand, the probabilities of interruption with an 
insulator of this kind is in direet proportion to the number of 
pieces of dielectric in use. That is, that every additional piece 
of dielectric you add constitutes an additional hazard instead of 
an additional protection. It puts on the manufacturer an almost 
unbelievable requirement with regard to reliability. You may 
be able to obtain it, but on the basis of experience I would say it 
should be approached with the greatest of caution. 


J.B. Whitehead: Professor Smith has adopted in his insu- 
lator two devices which we have known for sometime, namely, 
the arcing ring and impregnated wood as an insulating material. 
The particular aspect of his work to which I want to call atten- 
tion is the study that he has made of the properties of the arcing 
ring, or screen, and the method that he has adopted in that 
study. We have had arcing rings that will take the are and 
save the insulator for sometime, but Professor Smith has made 
a study of the shape of these rings in a systematie and scientific 
way and has arrived at a form of ring which gives a uniform 
potential gradient over the insulating member. He thus elimi- 
nates regions of high potential gradient and has, therefore, 


reduced to a minimum the probability of an initial brush, or ” 


corona, or spark-over. It is a scientific investigation and it 
should, therefore, be emphasized as an example which we should 
all attempt to follow in putting experiments of this kind under 
way. 

I suppose that the methods are being followed in the study 
of the impregnation of the insulating member. Of course, the 
open question in connection with the insulator, is the life of the 
single insulating member. It would appear to me that it is 
going to be a question of the power of the surface of this member 
to withstand the action of the elements. We know that porce- 
lain, originally apparently perfectly safe, eventually, under the 
action of the elements, temperature and so on, developed a 
cracked surface which eventually leads to failure. In the case 


Journal Awl! Hei 


of the impregnated wood member we would seem to have the 
possibility of avoiding in a large measure, that particular type 
of failure. If we can obtain an impregnated material, which is 
more or less plastic, and which, therefore, will yield to the 
expansions that are brought about by temperature change, it 
would appear that we might have a surface which would accom- 
modate itself to existing conditions from day to day. It appears 
to me, however, that if we do not obtain such a type of impreg- 
nated material, there is a considerable element of danger in such 
an insulating element. For, if this impregnated wood disinte- 
grates we will get a fibrous substance in the path of the potential 
gradient and this will lead to brush discharges. 

C. E. Skinner: As I understand it, Professor Smith’s investi- 
gation is not based primarily on the use of wood in a strain insu- 
lator; but on a study of the potential gradient and a design such 
as to permit the use of a strain member so placed that when an 
are is formed it will not be along the surface of the insulation. 
This arrangement permits the use of wood, which in the past has 
proved most satisfactory in many other applications as an insu- 
lating material. It has the advantage of great mechanical 
strength and is readily obtainable. It has the disadvantage of 
being carbonizable and difficulty has been experienced from time 
to time in providing suitable impregnation. 

Methods of impregnation have been studied and results have 
been obtained which seem to warrant the assumption that 
methods are now available which will justify the use of wood in 
this connection, provided it is not subject to are over, and Pro- 
fessor Smith’s tests show that this need not be feared in this 
particular design. 

Professor Smith’s insulator is especially interesting as being the 
first radical departure from the type which has been generally 
accepted as standard for many years. Line insulation has for 
some time been considered the limiting factor in the use of high- 
voltage transmission. This insulator gives promise of removing 
this limitation. 

I do not understand that Professor Smith is ready to advocate 
this insulator for commercial work until more field experience is 
obtained, and tests are under way which will give this field experi- 
ence. The wood strain is merely incidental to this type of con- 
struction, and any other material which will satisfy the mechan- 
ical and insulation demands could be used to replace it. 

Hi. F. Elliott (by letter): Hlectrostatie shields, or terminals, 
of the type proposed by Professor Smith, have been used with 
rod, tubular and other forms of insulators for radio antennae and 
associated services since 1914 or perhaps even earlier. 


The high losses which accompany corona at radio frequencies, 
and the extremely destructive character of corona at the higher 
frequencies, forced the adoption of special types of insulators 
with suitable shields to control the electrostatic fields at this 
comparatively early date. The accompanying photographs, 
taken during 1916, 1917 and 1918, may be of some historical 
interest in this connection. 


Fig. 1 shows the type of porcelain-rod insulator and disk 
shields which were used for several high-power radio antennae 
during 1916 and 1917. Fig. 2 shows a speciaily shielded string 
of standard suspension units which was used with the same 
antennae. All of these insulators functioned satisfactorily and 
without visible corona at potentials of the order of 100,000 
volts, r.m.s., and frequencies ranging from 15,000 to 50,000 
eycles. 

Shielded strings of standard suspension units in a variety of 
combinations were tested at the Stanford University high-volt- 
age laboratory during 1917. The results of these tests will be 
found in the paper by Mr. Frank G. Baum entitled “Voltage 
Regulation and Insulation for Large-Power Long-Distance 
Transmission Systems,” Procrrpines A. I. E. E., Vol. XL, 1921, 
pages 1067 and 1068. 


Fig. 3 is a sketch of a porcelain-rod antenna insulator designed. 
during 1917 and tested at the Stanford University high-voltage 
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laboratory during the same year. Using 60 cycles, and with the 
insulator dry, the first pin points of corona appeared at 140,000 
volts; intermittent streamers occurred at 225,000 volts ead 
large streamers but no flashover occurred at 350,000 volts which 
was the limit of the testing equipment. With the renee ay 


Ere. 5 


thoroughly wetted, there was some brushing at 100,000 volts, but 
the changing currents quickly dried the surface. 

During 1918 porcelain-tube insulators of the type shown in 
Fig. 4 were developed. These have since come into general 
use and have proven highly satisfactory, both as to electrical 
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efficiency and mechanical reliability. Fig. 5, shows such a 


unit under test at 183,000 volts, r.m.s., and 46,000 cycles. 
The shape of the surrounding electrostatic field is clearly shown 
by the position of the corona streamers, which are entirely clear 
of the insulator proper. E 

Fig. 6 shows a special high-strength antenna insulator designed 
during 1918 for service involving potentials of 135,000 volts, 


r.m.s., to earth, frequencies of 12,000 to 30,000 eyecles and a 


working load of 20,000 Ib. an tension. Hach of the four porcelain 
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tubes comprising this unit was approximately 6 in. diameter by 
6 ft. long and each tube had an ultimate tensile strength over 
20,000 lb. Recently, similar units have been constructed whose 
ultimate tensile strength exceeds 35,000 lb. P 

Fig. 7 shows a pedestal-type insulator, with electrostatic 
shield, under test at 234,000 volts, r. m.s. to earth and 51,000 
cycles. This unit was one of a number used for special radio- 
frequency switches which were operated, without the slightest 
indication of corona, at a potential of 135,000 volts. The shape 
of the electrostatic field as controlled by the shield is indicated 
in the photograph by the corona streamers. 

The possibility of constructing the electrostatic shields 
of antenna insulators so as to shed rain was considered at an 
éarly date but was not immediately adopted because the insu- 
lators had to operate in a nearly horizontal position, as shown in 
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Fig. 1. More recently, however, the practise of using cone- 
type electrostatic shields which also act as rain shields, has been 
adopted with great satisfaction for radio antennae employing 
insulators in a vertical position. An account of the development 
and testing of units of this type is given in a paper by Mr. W. W. 
Brown in the Procreprnes of the Institute of Radio Engineers, 
October, 1923. 

It will be noted that all of the insulators described in the fore- 
going are of porcelain. Many other materials have been tried, 
some with apparently excellent success in the laboratory, but 
none, except porcelain, has proven satisfactory in service for 
potentials above a few thousand volts. 

H.B. Smith: In response to some of the questions that have 
been asked, I will make a few suggestions. 

First, with respect to the suggestion regarding fog and dust 
which has been made—and I will combine with that the question 
Professor Karapetoff raised with respect to the hollow field. 

Professor Karapetoff is correct in stating that there is greater 
density of the dielectric flux within the stick than immediately 
outside, but comparing the space along the length of stick, as 
compared with the short spacing between metal terminals, we 
have outside of the surface of the stick a density variation exactly 
conforming with his description for a hollow field and the stronger 
field on the outside tends to deflect particles of moisture, dust, 
ete., in the direction of that field and away from the stick. 

Reference was made to the size of the insulator. It does look 
large, here in this room, but it doesn’t look large out on a trans- 


Journal A. I. E. E. 


mission tower for such a voltage as would be employed where 
such an insulator would be used. The parts are not heavy. 

A question was raised as to the material. These, you under- 
stand, are the first insulators of this size, and for convenience, 
the hood is made of spun copper. That was just for the small 
number. It was not feasible to prepare dies for pressing, as 
would be done in quantity. As soon as that is done, the material 
cheapest for production, considering depreciation, will be used. 
There is nothing in the metal that is used that affects the opera- 
tion of the insulator, theoretically. : 

If I may take just a moment in reminiscing, referring to what 
Professor Scott has said, I would say that when his paper of 
1898 was presented—depending upon wires of small diameter— 
it was felt that a limit for voltage might be reached of 55,000 or 
60,000 volts. It stimulated us here in Worcester in 1900 to 1902 
as soon as we had developed the transformer, (which is now in 
the room below and was used in the demonstrations this morn- 
ing), to apply higher voltages to a transmission circuit that was 
placed along Boynton Street, and we used wires of larger 
diameter. 

In a thesis presented by Cook, Davis and Wiard in 1901, the 
results are shown of the effect of increasing diameter and prove 
clearly that 60,000 volts was not prohibitive. 

In those days, before Professor Ryan went to California, we 
were in close contact with each other—we were working to- 
gether more less on this question—and this fact was communi- 
cated to Professor Ryan and we had quite a little correspondence 
on the matter. é 

Soon after that, Mershon made other tests in Colorado and 
the results of those tests were sent to Professor Ryan. Mer- 
shon’s results did not agree with our results in Worcester, so 
that both Professor Ryan and myself were somewhat skeptical 
as to the accuracy of either Mershon’s work or the work that 
we had done here in Worcester. 

Professor Ryan later sent to Worcester results of his experi- 
ments on the effect of pressure, and also going back to some 
old work on the same subject, made seventy-five years before— 
the work of Paschen, so that taking into account the difference in 
elevation of Colorado and Worcester, he found that our results 
agreed, substantially. : 

We then had confidence and Professor Ryan went on with his 
classical paper that he presented to the Institute in 1904, which 
gave us the foundation for the law of corona losses between 
conductors. 

Reference was made to the large diameter of the hat of this 
insulator. You must remember that the hat is connected to 
earth. You ean make one continuous hood for three or four 
insulators, if you choose, instead of splitting it up. 

The question of deterioration of organic materials, under such 
conditions as these, is, of course, the important question, and 
it is a question that ean only be answered finally by experience 
on the insulators in service. We have tried to put the insulating 
member under the most favorable conditions possible to prolong 
its life. We have attempted to remove visible corona. Whether 
ionization coincides with visible corona, may be a question. 
Visible corona does not appear until very close to the point of 
break-down, and we operate the insulator at half, or less than 
half that voltage. 

With regard to the question of the horizontal strain insulator, 
there is no attempt to meet that condition with this present 


insulator. The same principles can be employed in such a type of 
insulator. I think there is a little misunderstanding as to the 


construction of this torus. It has a perfectly continuous surface. 


The comment of the operating people who will have to deal 
with these insulators in service, is perfectly fair—that it should 
be tried out. That is the thing that we propose to do. We will 
then know just the limitations and just what may be necessary to 
do to apply these same principles, which I believe to be right, to 
the actual conditions as imposed in service. We hope that we 
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can. meet them the first time they go into actual service but that 
isn’t always done. 

H. B. Smith: Possibly some of you may have thought that 
the insulator I am suggesting is radical because of its apparent de- 
parture from existing practise, but I cannot regard it in that way. 
It happens that in 1898 I succeeded in producing a transformer 
for 175,000 voltsinasingle unit. I think that at that time it was 
the highest voltage single unit transformer. Transformers had 
previously been used with high-tension circuits in series, that is, a 
number of units in series but not in cascade as we are doing now. 
In 1901 we built our single unit 500,000-volt transformer. As a 
result of having these transformers many people from all over the 
country were sending us insulators for testing. Therefore, the 
present insulator is the development of a quarter of a century 
and it is not a recent thing in my mind, except in its final form at 
the present time. It has been a gradual development of thought 
and experience through a great many years. 

The pin type of insulator reached its limit and we all recognized 
the importance of the work that was done in producing the mul- 
tiple-unit string in carrying us past a stumbling block at that 
time, and, in the present form of insulator the importance of the 
unit is recognized. The difference is mainly in producing a unit 
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for a higher voltage per unit and an insulator which gives a 
uniform distribution of potential along its insulating surface, and 
terminal connections for that surface such that corona is elimi- 
It is that early 
development of corona, preceding the final voltage limit,—a 
result of an excessive gradient, which overthrows the whole 


nated until very nearly the flashover voltage. 


dielectric field and fixes a lower flashover limit. 
The question of puncture, as we have had to deal with it in the 


porcelain insulator in the past, where at the head you have a 
relatively thin layer of dielectric stressed to the maximum, is 
we have wholly different 


eliminated in the present design; 
relationships. 


If we plot flashover voltage against spacing between the metal 
surfaces we have a curve for dry flashover as shown in A of the 
With 1814 in. spacing between metal 
surfaces on the unit, we have about 300,000. volts flashover 
value. Now, you can reduce that to 8 or 9 in., and you then have 
the more pronounced characteristics of the sphere gap, higher 
kilovolts per inch for flashover, and only a very small reduction 


accompanying illustration. 


in the total flashover voltage; with a very much lower spacing. 
With that smaller spacing, you will have capacity variation. 

In reference to Mr. Wood’s point of a standard unit, or of a 
variety of units, it may be a question for the operating engineer to 
answer whether he cares to use two standard units, with flash- 
over of 300,000 volts each, or two together in series, as we saw 
yesterday, with a flashover of 520,000 volts, or whether he will 


use a shorter stick for one or both of those units and a more 
uniform distribution. 


The wet flashover values run along in a flat curve as shown in 
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B so that with the greatest spacing the ratio between wet and 
dry—for instance on the unit we saw yesterday,—is in the neigh- 
borhood of 82 per cent. As you go to lower spacing you have a 
higher ratio between the wet and dry flashovers. In fact, in 
many laboratory tests we have had unity ratio, when we had the 
right kind of water. With ordinary tap water and rain it will 
run up to 90 per cent or 92 per cent. 


Now, I have not had as many rocks thrown at this, as many 
rifle shots at it, as I hoped might be experienced. Some of you 
saw the demonstration of a single unit in Worcester many of you 
saw the demonstration of two units in series yesterday afternoon 
(at Pasadena). Perhaps, I ought to say, as it was difficult to 
announce the matter there, that on the two units that were hung 
up in the laboratory, were applied 520,000 volts before flashover 
and I presume you noticed that up nearly to the point of flash- 
over you could not see (in a dark room) the location of the 
insulators. That showed that we really have succeeded in the 
elimination of corona to way above working voltage. That is 
one of the features that makes it possible to consider the intro- 
duction of such a material as impregnated wood. We should not 
consider that the experience of the past, under other conditions, 
is necessarily applicable in this case. We all know that the use of 
wood insulation has been disasterous in most cases, especially, 
where exposed to the weather. Nor are we limited to the use of 
wood in this case. 

The insulating member, or stick, is placed in what I have 
called a hollow electric field. That is, the shape of the metal 
hat and the torus below it issuch that we have entirely surrounded 
the wood stick by a field of higher potential and maximum 
gradient than that which the insulating surface sustains. We 
also have an insulating surface parallel to the lines of force along 
that surface which gives us a uniform distribution of potential 
along the surface. Now, the presence of the field of higher 
eradient outside of the insulating surface accomplishes two or 
three things. It, to a certain extent, deflects particules, moisture, 
dirt, even heavy particles, as pieces of straw, ete., so that they do 
not come in contact with the stick. I don’t mean to say that it 
will wholly prevent moisture, or a heavy fog, settling on the stick, 
but it will minimize this effect and the stick will withstand the 
discontinuous moisture. You may have certain conditions in 
manufacturing, particularly in chemical manufacturing areas, or 
where exposed to fogs,—especially where, coming with other 
deposits, where it may be necessary to clean the surface period- 
ically, as is the case with other insulators but this insulator 
provides as good a surface for cleaning as I can imagine, if that 
proves to be necessary. Only experience in varied service will 
tell us what the needs will be in that respect. 

You understand, I am sure, that this insulator has just passed 
through what I consider its developmental stage. We have now 
had, for some months, a group of these insulators, of which 
I will show you slides, on a tower in the Pittsburgh area where 
they are at line voltage and subjected to the Pittsburgh atmos- 
phere near a large foundry where foundry gases are blown across 
them. Since I left Worcester I have received word that after 
several months in that service they have just passed through a 
period of 60 hours of continuous rain, fog and wind and there 
have been no failures as yet. 

Now, as to the life of the sticks, we feel confident as to the 
thoroughness of the impregnation of the wood. The question 
of the weathering of the surface of the stick ean only be told by 
service. Last winter we, for a number of months, had sticks 
soaking in tempid water throughout the day, freezing at night, 
and subjected to flashover tests twice a day. Now, I don't 
know how long a life period that would correspond to. Those 
are the facts of the case; you can form your own guess as to 
what length of time in normal service that would mean. 

The plan that I hope to follow with this insulator is not to 
recommend its application on power lines at the present time 
with the view to superseding present methods of insulation. 
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That would be very unwise. Following these preliminary 
service and life tests, I hope to place them in limited numbers, 
upon a number of service lines, under a variety of climatic and 
other conditions, so that the experience in such service will tell 
whether it is a better, a cheaper, or more desirable insulator for 
general power line application than those now in service. That 
will then be a question that anybody can answer for himself. 
Of course, I would not do this except that the evidence at the 
present time has impressed me of the very excellent probabili- 
ties before the insulator. 


ELECTRICAL APPLICATION TO IRRIGATION 
PUMPING! 
(CATES) 
PasaDENA, Cau., OcToBER 16, 1924 

L. J. Moore: The matter of testing pumping plants for the 
agricultural consumer has proven a very beneficial service to the 
farmer, because it has enabled him to know whether or not his 
pumping plant is delivering its proper amount of water at the 
proper cost for energy, and it also has forced the pump manu- 
facturer to furnish a product which really comes up to specifi- 
cations. 

On August 31, 1924, the San Joaquin Light & Power Corpora- 
tion had 6495 agricultural pumping consumers. These con- 
sumers represent a total connected load of 75,898 h. p., which 
gives an average connected load of 12.1 h. p., per consumer. It 
will be noted that the average size of installation is not large, 
and that the service is rendered to the small consumer so that 
each one individually takes care of his own irrigation. It is 
estimated that more than 370,000 acres of land are irrigated by 
this method on the system of the San Joaquin Light & Power 
Corporation. The following table gives the monthly distribu- 
tion of kilowatt hours sold in 1923 on the San Joaquin System 
for irrigation pumping: 


Monthly 
Distribution 
of Kw-hr. 
1923 Kw-hr. Sold Total Earnings Sales 

BRAT N Sacle ie eisai uarn 1,190,554 $10,928 .08 1.27 per cent 

eDiets. 5 1,907,504 19,316.99 2.03 

MVEQIEY naire essere: S 3,937,123 34,680.97 4.20 

ANI 95 ts = ey clbicyed CPR ORO 8,669,827 96,258.81 9.25 

IIE Nie ee, ree nC 7,727,267 180,655.61 8.25 

AUT OM tapes cthesce fee. e 13,245,806 230,335.54 14.13 

BUC Var vote yoy sone 14,353,861 240,625.97 15.32 

Aug. 15,332,497 235,286.92 16.39 

Sep. 12,983,531 206,661.98 13.82 

O Chen bxgeces acne 6,992,437 147,754.40 7.45 

UWI aia apy ot ee edanece 4,342,081 125,943.73 4.62 

Dec 3,065,344 110,744.37 o.20 

TRO bAILS nee ateradte tere 93,747,814 1,639,193 .37 100.00 per cent 


From this table it will be noted that the average rate paid by 
the agricultural consumers is 1.749 c. per kilowatt-hour. On the 
better installations it has been found that the energy consump- 
tion is as low as 1.8 kw-hr. per acre foot per foot of lift for the 
most recent and most efficient deep-well installations. This 
represents a cost of approximately 3.15 ¢. per acre foot, per foot 
of lift. However, the average cost of pumping on the San 
Joaquin system is more nearly 4 ¢. per acre foot, per foot of lift. 

It is also to be noted that the monthly distribution of the 
irrigation demand is radically different from the monthly 
distribution of the usual urban load. In other words, the 
highest demands for irrigation pumping come in June, July, 
August and September, while the lowest occur in the winter 
months. In urban loads, naturally the highest use oceurs in the 
winter and the lowest in the summer. Therefore, it is evident 
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that the combination of the two gives a very good annual load 
factor. 

The use of electricity for agricultural pumping is very depend- 
ent upon rainfall conditions, and the figures shown for the 
year 1923 should not be taken as absolutely applicable to all 
years. Rainfall in the middle of the agricultural season might 
cause a very marked drop in the demand and a considerably 
different monthly distribution. Also a dry season calls for a 
much greater use of pumping than otherwise. As an example, 
the year 1924 has been very short of precipitation in California. 
The use of power for agricultural pumping on the San Joaquin 
system in 1924 for the months of January to August inclusive 
has been 105,300,894 kw-hr., as against 66,364,421 kw-hr. for 
the same months in 1923. This represents an increase for the 
period of 59 per cent in 1924 over 1923. Naturally there is an 
increase each year over the preceding year due to the natural 
growth of the business, but this should not, under normal 
circumstances on the San Joaquin system, be more than 15 per 
cent. Therefore, the additional 44 per cent has been largely due 
to the extreme dry season. 


Ralph Bennett: The effect upon the apparatus of the 
change from the old-style engine-driven pump to the high-speed 
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motor-driven pump has been interesting. In many eases the 
system consists of a well pump and a booster that will lift 
against a head of 120 lb. or more and through a line several 
thousand feet long. Under the old condition the line pressure 
rose from static to operating pressure over a long period of time 
causing practically no shock on the line. When the old engine 
was shut down a correspondingly slow reduction to static pres- 
sure occurred. But with the introduction of the ordinary 
squirrel-type motor, with a two-step compensator, each step is 
reflected in a relatively enormous increase in pressure on the line 
which finally slides down to running pressure. I know of cases 
where this excess is as much as 30 per cent. As most of these 
lines are designed on a close factor of safety it is a matter of some 
importance. In a machine-made wood-stave pipe there is a 
banding which has been machine-placed and each time the line is 
subjected to excess pressure a slight compression of the wood 
occurs under the bands so that we eventually have a line that 
becomes leaky and cannot be satisfactorily brought back to a 
tight condition, due to this excess and unanticipated starting 
condition, and to a similar condition occurring at shut-down. 
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When a centrifugal pump stops it stops quickly, and the check 
valve closes and a surging occurs which produces, sometimes 
double normal pressure, and which repeats for a long “fer 
But this can be taken care of by the introduction of an air cham- 
ber which will produce control, while the excess at starting has 
to be taken eare of by the introduction of a different type of 
starting apparatus. Although these motors are small as com- 
pared to the capacity of the system; they are frequently from 


100 to 250 h. p. and require starting devices of considerable 
size. 


PRACTICES IN TELEPHONE TRANSMISSION 
MAINTENANCE WORK! 
(HARDEN) 
TELEPHONE CIRCUIT UNBALANCES? 
(Frrris AND Mc Curpy) 
PASADENA, Cau., OcToBER 17, 1924 


D. I. Cone: To the engineers and maintenance people of the 
operating telephone systems these advances in the means for 
maintaining the circuits are very gratifying. There are two 
major reasons for their need: First, in order to employ econom- 
ically the communication plant, as many types of service as pos- 
sible are put on the wires. Balancing the circuits is one means 
employed to separate one channel of communication from 
another. Second: The growth of power cireuits and their 
inductive fields has been so great that communication circuits, 
which originally had the field very much to themselves, are now 
forced to exist in the presence of large inductive and conductive 
fields. Since the same people want both power and communica- 
tion service it is impossible altogether to prevent that. The 
original telephone circuits would be wholly inoperative under 
present-day conditions but for the advances made, on the one 
hand, by the method of balancing the communication circuits, 
and on the other hand, by measures taken in the supply circuits 
to limit their fields of influence. 


The Pacific Telephone & Telegraph System has about 3000 
toll circuits, which it is our duty to maintain in efficient operating 
condition. Mr. Harden has described to you the testing tech- 
nique employed for transmission maintenance. Asa part of this 
we have, for several years, been making annual noise tests on 
these toll circuits, in addition to special tests made at times when 
changes either in the telephone circuit or in the neighboring power 
ciretit are made, and acceptance tests of new circuits. When 
the crosstalk meter, which Mr. Ferris deseribed, became avail- 
able, measurements with it to determine the condition of the 
circuits were incorporated and are now regularly made as a part 
of our routine. 

Since the impedance-unbalance bridge became available some 
years ago, we have made much use of it in locating unbalances of 
the types mentioned, particularly resistance unbalanees and 
transposition irregularities. In this Pacific Coast toll network 
we have several hundred thousand circuit transpositions whose 
maintenance is a large problem. It would be possible to present 
to you many curves obtained on our circuits, similar to those 
shown in Figs. 9, 10, 11 and 12 of the paper, but these illustrate 
so well the characteristics obtained and the ability of this ap- 
paratus to show the nature of unbalances that it seems unneces- 
sary to add more examples. 

Referring to Fig. 10, where an artificial unbalance was inserted 
at a known distance, it is easily possible, by the formula given, 
to caleulate the velocity of travel of the waves in that circuit. 
This was a loaded cable circuit and I find the velocity to be 7900 
mi. per second. That is very different from the velocity in the 
open wire lines and we find it desirable to take account of this 
difference of velocity in cables and open wires when we are testing 
circuits which enter the office through long toll entering cables. 


1. Journat A.I.E.E., Vol. LXIII, December, p. 1124. 
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The setup given in Fig. 10 affords a means of obtaining a ‘‘cali- 
bration”’ of the velocity factor. 

To illustrate the necessity for obtaining balance, not only 
where there are inductive exposures, but throughout the line, 
suppose a line into which a branch line connects, the branch line 
being exposed to a souree of noise. The induced energy will 
flow into the main section of the line and if there are unbalances 
on this main line, we will have trouble from the exposure, even 
though perfect balance were obtained on the branch circuit. 


It might be asked, what is the relation of these more recent 
methods to the previously available working methods used? 
The advance seems to me to come in the form of a very definite 
improvement of technique. The impedance-unbalance bridge 
represents the application of alternating current at varying 
frequencies to the old familiar Varley loop test much used for 
location of faults with the Wheatstone Bridge. Using the same 
idea, but a variety of alternating-current frequencies, it detects 
effects which the direct-current bridge cannot discover. 


We often make use of the induced noise voltage to ground, 
comparing it with the induced voltage between wires. .That 
has served as a rough method of indicating balance, which had 
some usefulness, employing the source of energy which happened 
to be there in the form of the disturbing circuits. On the other 
hand, in the methods here described, we have a definitely con- 
trolled and applied source of energy, withits manifest advantages. 

By the pursuit of the methods indicated in the paper in pro- 
viding and maintaining a high grade of balance in the telephone 
circuits important reductions in noise and in crosstalk have been 
realized in our plant. To offset this we have been confronted 
with the rapid expansion of the power circuits. That it has been 
possible to improve the conditions has been due to the faithful 
efforts of a large group'of men. Having devoted their energies 
to the solution of this problem, they have enabled us to make 
remarkable advances in this direction. I feel moved to pay 
tribute to the work of these men because of the exceptional hours 
at which they often have to work in order that the normal serv- 
ice of the communication and power circuits may not be 
interrupted. 

H. W. Hitchcock: In regard to the value of adequate 
transmission maintenance, such as is described in Mr. Harden’s 
paper, I think it quite obvious that in the ease of a toll circuit 
which involves an investment of possibly several thousand dol- 
lars, it is extremely important that the circuit be kept in a high 
degree of efficiency, as we can hardly afford to lose a considerable 
portion of its volume efficiency by allowing small troubles to 
creep in. As this is quite evident, it needs no further elabora- 
tion and I shall confine my further remarks to a discussion of the 
advantages to be derived from proper transmission maintenance 
in the local exchange plant where its value perhaps is not so 
apparent. 

Unless one has given the matter close consideration, he may 
have the idea that a telephone plant grows in a more or less 
haphazard way. In fact, we set up quite a definite transmission 
standard of efficiency, which applies to the entire plant. That 
is, we attempt to make it possible for every subscriber to talk to 
every other subscriber with approximately the same degree of 
efficiency. This standard of efficiency has been arrived at from 
a study of extensive laboratory tests and from trying out certain 
standards in actual practice. In the latter case, particularly, 
the result is a combined reaction from a large number of people 
having all kinds of ears and voices and personal temperaments. 

Asa result of years of experience and trial, we have established 
a standard which we call a twenty-mile standard. “This 
means that the telephone circuit to give good transmission can 
have the same loss as that produced by 20 miles of standard 19 
gage cable. This standard is possible because the modern 
telephone transmitter produces in the circuit, telephone currents 
representing an amplification of several hundred times over the 
acoustic power directed by the voice against the transmitter 
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diaphragm and therefore for satisfactory telephone conversations 
the telephone power delivered to the receiver at the far end of 
the circuit noed be only a fraction of 1 per cent of the input power 
at the transmitting end. The fact that the overall electrical 
efficiency of the circuit itself is low is not of importance as we are 
dealing in the ultimate with the overall efficiency from the voice 
of the speaker to the ear of the listener. Furthermore, a very 
small amount of acoustic power at the receiving end is sufficient to 
give a very clear conversation and when you are talking with a 
person over the telephone you are anxious to make him under- 
stand what you have to say; you are not trying to warm up his 
ear.” 

Disregarding, for the present, the matter of cost, the proper 
volume of efficiency might be arrived at somewhat as follows: 

Two telephone instruments might be connected together with 
a very short circuit and speech exchanged over them. In sucha 
ease, it would be found that the volume of tone would be un- 
necessarily loud, in fact it would be something like trying to 
talk to another person if he insisted upon shouting in your ear. 
The circuit between the telephones might then be extended until 
the speech became very weak and made it necessary to listen 
very closely and possibly ask that the speaker shout or repeat 
frequently in order that the speech might be understood. Ob- 
viously, a circuit having some intermediate efficiency would be 
preferable to either of these, and the one which, on the whole, 
would give the best results could be determined by repeated 
trial. 


In establishing a standard, however, the economic factor can- 
not be ignored. The more power which you transmit over a 
circuit of a given length, the more copper you must place in it, 
with a corresponding increase in cost. From an economic con- 
sideration, then we would use the smallest wire which it is possi- 
ble to employ and still transmit understandable speech. 


As a result of these somewhat conflicting requirements, we 
select a standard which we believe will give good speech 
transmission, enabling one person to talk to another without 
unnecessary repetition and without having to shout, and at 
the same time provide the service at a price which will make it 
attractive for him to use freely. 


Having established such a standard, it is obviously poor econ- 
omy to depart from it in either direction. To do so tends to 
limit the service, to discourage its use, or make it unsatisfactory 
to the public. This will result on the one hand, from too great 
a cost if too high a degree of efficiency is attempted, and on the 
other, from poor and unsatisfactory transmission if a circuit of 
insufficient efficiency is provided. 


In the design of a telephone plant, we usually assume approxi- 
mately one hundred per cent efficiency for all the parts which go 
to make it up. Of course, it is impossible to expect that such 
parts will always be, and remain indefinitely, at this high degree 
of efficiency. Troubles are bound to creep in, just as they ereep 
into any plant, so that we must face the fact that our plant tends 
to deteriorate, or that we will occasionally find defective instru- 
ments, such as transmitters, receivers or other parts. There 
are in general two ways by which this deterioration ean be cared 
for. One is by providing a margin of safety in our plant design 
sufficient to make up for these occasional defects. The other 
is to deteet these troubles as they arise and remove them. I 
believe it is obvious to all of you that the first method is not a 
very satisfactory one. It means that the entire plant must be 
much more expensively constructed than would otherwise be 
necessary. Moreover it is not satisfactory from the subscriber’s 
point of view. For example, a subscriber’s instrument may, for 
some reason, have deteriorated until it only is ten per cent as 
as good as it should be. He reports it and the company sends 
an adjuster to discuss the matter with him. The company’s 
representative may say to the subscriber: ‘“‘We appreciate that 
ycur set may be in very poor shape; in fact, it may only be ten 
per cent as good as it should be. To offset this, however we 
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have designed your circuit, and those of your ten neighbors’ 
lines, ten per cent better than we think is necessary, so that the 
average efficiency of our plant is satisfactory: nine instruments 
are ten per cent better than is necessary as against one instru- 
ment which is only ten per cent as good as it should be.” The 
reaction of such an individual is obvious. He would reply that 
this is very nice for his neighbors perhaps but is of very little 
benefit to him. ; 

In order to make such a method effective, it would be neces- 
sary to have all of the instruments several times as good as would 
normally be required and this would be prohibitive in expense. 
When we provide only a small margin of safety to take care of 
isolated cases of trouble, we fail to accomplish the thing which 
we set out todo. The only way, then, is to detect these troubles 
as they appear and clear them promptly. Unfortunately, for 
the telephone company, they do not always announce themselves. 
Some of them, of course, do, such as “‘opens,” “grounds,” 
“grosses,” or troubles of that kind. In these cases the super- 
visory signals fail to function or it is impossible to talk at all or 
the circuit is very noisy. Such troubles quickly call attention to 
themselves and are promptly remedied. 


Another class of trouble is one which may produce only a 
moderate reduction in efficiency such as a few short-circuited 
turns on a coil or a partially defective condenser or a high-resist- 
ance joint. Such a circuit will usually give ‘the proper super- 
visory response and can be talked over with a certain degree 
of facility. However, should such troubles be allowed to remain 
they will cause a gradual deterioration in the plant with a 
corresponding increase in the number of unsatisfactory connec- 
tions. The only way to detect such trouble is by a series of 
systematic tests conducted periodically which cover the entire 
plant. In this way we find the troubles which are hidden away 
and which will not appear on ordinary inspection or as a result of 
the usual maintenance tests. To make such tests it is necessary 
that special instruments and routines be developed and followed 
and it is these tools, these instruments, these methods, which 
Mr. Harden has described and which we now have available for 
this kind of work. These new facilities are of tremendous value 
to us as you can well appreciate since they make it possible to 
give a good and uniform standard of service with a plant designed 
with the maximum degree of economy. 


Farley Osgood: I might just say a word on the matter of 
inductive interference. I think it is the duty of the power en- 
gineer to make known any contemplated plan he may have for 
construction to his telephone friends as soon as it is practicable for 
him to do so. A number of years ago the lines were built without 
due consideration to any neighbors and the problem of inter- 
ference got to be more and more a disturbing one, until its serious- 
ness was recognized and committees formed to deal with it. 
These committees, the National Electric Light Committee and 
the Joint Overall Committee, with men from both groups, worked 
out a most friendly relationship all over the country and the 
basis of it all is to confide in each other any plans of construction, 
of course, with the understanding that there will be no propa- 
ganda about the plans. The engineers of the two properties 
should know each other’s plans at the start in order that dis- 
turbances may be avoided by injecting into the construction 
program the present known methods of elimination. 


V. D. Elliot: I think, that the men who are employed by the 
larger power companies, particularly those which have extensive 
private telephone systems, could, with advantage to themselves 
and to their companies, become more familiar with the subjects 
treated in these papers. I know that a number of these instru- 
ments, if not all of them, could, with certain modifications, be 
used for testing work on the private telephone systems of the 
large power companies. 


I wish to say, by way of appreciation, that the telephone men 
of Southern California have shown a cooperative spirit to the 
Edison Company, by giving helpful suggestions, loaning appara- 
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tus and offering their help in any way possible to aid us in fol- 
lowing out these ideas on our system. 

It may be of interest to some of the telephone men and, per- 
haps, to the power men to know of a ease of telephone line 
balance, which occurred on the telephone system of the Edison 
Company. 

The telephone lead, which was built for the operation of the 
Big Creek System of the Southern California Edison Company, 
as originally constructed, had four wires, carried on a pole line 
separated by varying distances from the 150,000-volt power 
circuits. It was never intended to be other than a two-circuit 
line as the cross arms were of such size as to accommodate only 
the four wires, and the transposition system was only designed 
to take care of cross talk balance between the pairs. 

When we started construction work on caising the Big Creek 


; Dams there was need for an additional cireuit from our Los 


Angeles office to Big Creek. I was asked to see if a phantom 
circuit could be installed without great expense. We put on 
phantom coils at the two ends and made a trial and found that we 
could operate without undue crosstalk, without any phantom 
transpositions. The line has been rebuilt in certain sections and 
phantom transpositions have there been installed and provisions 
have been made to accommodate any number of future wires 
and also to take care of any outside induction that may be 
present. Exclusive of these places there are 100 to 150 miles of 
the lead which have no phantom transpositions, but the eross- 
talk and noise on that phantom circuit is tolerable from our 
standpoint and we ean earry on a conversation and without 
interfering with the talking on the side circuits. 


This I think is a différent experience from that which the 
telephone men have had and I thought it might be of interest to 
them and also to the power men who have telephone circuits and 
are contemplating the use of phantom circuits. 

Four years ago we superimposed a simplex telegraph circuit 
on top of the others and it is operating successfully without in- 
terference with the other channels. 


Mr. Ashbrook, of our company, has tried out recently, in an 
experimental way, apparatus for stopping, or minimizing acoustic 
shocks which occur on these telephone circuits due to flashovers 
on the power lines. The power line is in general proximity to 
this line for its entire length of 241 mi. At some places the lines 
are 8 mi. apart and in other cases they run parallel at 1000 ft. 
separation, but in general the average horizontal separation is 
about one-half mile. At times of flashover currents as high as 
900 amperes going from the power circuit with a ground return, 
create a large magnetic loop which induces considerable voltage 
between ground and the telephone line. This voltage has a very 
steep wave front and part of it appears as a voltage between 
wires due to unavoidable telephone line unbalances resulting in 
an acoustic shock or ‘“‘bat in the ear.” 


Mr. Ashbrook has a method to overcome this effect, but we do 
not know as yet whether or not it will be applicable as a regular 
adjunct to the telephone system. 

R. B. Ashbrook: The vacuum tube is utilized as a voltage - 
limiting device by operating the vacuum tube at such a point 
on its static characteristic curve that the voltage produced by 
normal telephone communication and applied to the grid causes 
a change of plate current over approximately 85 per cent of its 
characteristic curve. It is obvious that 7}4 per cent increase in 
negative voltage will result in the plate current being reduced to 
zero and further increase will have no effect. If the increase is in 
the positive direction the plate current will increase until the 
saturation current corresponding to the existing filament tem- 
perature is reached. Further positive increase in the grid poten- 
tial cannot result in further increase in the plate current, in fact 
as it becomes more positive it attracts a greater number of 
electrons to itself and causes a corresponding decrease in plate 


current. 
A recent demonstration has proven beyond a doubt its use- 
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fulness to power companies operating telephone lines subjected 
to between-wire voltages occasioned by energizing or de-ener- 
gizing paralell transmission lines. 

Two operators, one a student wearing an operator’s head set 
equipped with the acoustic-shock-suppression apparatus, the 
other with the usual operator’s telephone set were connected 
with a telephone line at the time that a transmission line failed. 
The operator received a severe acoustic shock which was very 
painful and necessitated doctor’s care for several days before 
resuming her duties while the student operator was not positive 
whether she heard it at all. 

J.E. Woodbridge: The work of the Department of Develop- 
ment and Research of the American Telephone and Telegraph 
Company on the lines described in this paper is of vital impor- 
tance to the settlement of the problems of inductive interference 
which confront two divisions of the electrical industry. Such 
work is essential to the establishment of precise rules for legis- 
lative enactment in this controversy where such legislation is 
found necessary. 
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This is for the following reason: 

A telephone circuit balanced in all respects, including balance to 
other circuits, is immune to inductive interference. 

The real difficulty is, of course, to get such a balanced tele- 
phone ecireuit. An equally real difficulty in the past negotia- 
tions between the two interests has been to get either a criterion 
of unbalance, or a means of measuring the unbalance of com- 
munication circuits. 

At the time when the Joint Committee on Inductive Inter- 
ference, appointed by the California State Railroad Commission, 
was struggling with its problems, namely, from 1913 to 1917, the 
Committee members recognized the importance of the balance of 
telephone circuits, and that the legislation based on the Com- 
mittee’s findings ought to include rules on such balance so that 
undue diligence for the mitigation of interference should not be 
put upon the power systems. The difficulty, however, of meas- 
uring unbalances or of defining practicable balance made it 
impossible to include in the code any quantitative rules for limit- 
ing unbalances of telephone circuits. 

This difficulty has now been partially removed by the work 
outlined in this paper. It is to be hoped that the work will be 
carried further to determine and make it possible to define 
reasonable or practical units of unbalance that can be specified 
as limits or tolerances in commerical construction and operation. 


R. G. McCurdy: Mr. Cone referes to a method of measur- 
ing unbalances by determing the ratio of the noise measured 
in the metallic telephone circuit to the noise voltage measured 
to ground. While this test is valuable as preliminary indication 
it is generally not conclusive, because as mentioned in the 
paper; the noise measured in the metallic circuit includes two 
effects; one dependent upon unbalances of the cireuit in its 
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relations to ground and other telephone circuits, and the other 
dependent upon the dissymmetry in its relations to parallel 
power circuits. If this ratio indicates a high voltage to ground 
and a low noise in the metallic circuit, we are justified in con- 
cluding that the circuit is well balanced. If, however, the ratio 
is in the opposite direction, it may be concluded either that the 
circuit is unbalanced or that relatively large voltages are in- 
duced in the metallic circuit because of dissymmetry to parallel 
power circuits. Thus, in order to obtain any definite indication 
of the existence of unbalaneces of the cireuit to ground or to 
other telephone circuits, tests must be made under controlled 
conditions, as deseribed in the paper. 


Mr. Elliott brings up the case of a line with a single phantom 
eroup, which was in a satisfactory condition from the stand- 
points of crosstalk and noise on both the side and phantom 
circuits with no transpositions in the phantom circuit. It 
should be observed that when no other circuits are nearby, 
complete balance may be secured between the two side circuits 
and between each side cireuit and the phantom, provided each 
side circuit is made up of wires of the same size and with trans- 
positions placed only in the side circuits. If any more telephone 
circuits are added to the same line, or if power circuits are 
constructed in proximity, it then becomes necessary to consider 
the balance of the phantom circuit. Under these conditions, 
all four wires of the phantom group must be of the same size and 
transpositions must be placed in the phantom cireuit. I take it, 
in the ease discussed by Mr. Elliott, no close exposures existed 
to other circuits. 


L. P. Ferris: The use of the vacuum tube as an energy- 
limiting device referred to by Mr. Ashbrook has long been 
recognized by telephone engineers and has been proposed 
specifically for this purpose (H. D. Arnold, U. 8. Patent No. 
1168270, January 18,1916). The telephone repeater in common 
use in many of our long telephone circuits employs vacuum tubes, 
and of course possesses this energy-limiting characteristic. 
Application of this method was considered a number of years 
ago in a ease of parallelism between a telephone cable and a 
power circuit, which at times of short circuit caused acoustic 
shock to telephone operators. The large number of telephone 
circuits to be protected made the cost of vacuum-tube terminal 
equipment practically prohibitive. Other methods were found 
effective and more economical. It is, however, a different 
matter where only one or two circuits are involved as on a 
power company’s private dispatch line. 

Mr Woodbridge has stated that ‘‘a telephone circuit balanced 
in all respects, including balance to other circuits, is immune to 
inductive interference.”’ This is theoretically true if the in- 
duced voltages to ground are not large enough to endanger 
personnel, break down insulation, or operate protective devices. 
Voltages high enough to interrupt service may be induced, even 
though the circuit be balanced in the manner Mr. Woodbridge 
suggests. Without exception, however, it might be said that a 
power circuit balanced in all respects, including balance to other 
circuits and its mode of energization, would cause no inductive 
interference. Both conditions are ideal but unrealizable in 
practise and, therefore, largely of academic interest. Balance of 
both systems, power and telephone within themselves, and 
with respect to each other, is important in preventing inter- 
ference. Practically useful definitions of unbalance must, 
however, recognize these three distinct problems—balance of 
each system within itself, and mutual balance in exposures. 
Aside from the undesirable technical complications involved in 
making the unbalance of one system dependent upon the con- 
dition of the other, the importance is apparent from an ad- 
ministrative standpoint, of placing upon each party the re- 
sponsibility for maintenance of its system in balance, only so far 
as conditions are under its control. This reduces the zone of 
joint responsibility to its minimum dimensions; 7. e., to the 
section where the two systems are in relatively close proximity, 
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the exposure, which in general, involves but a small part of each 
system. Here responsibility for balance is inherently joint or 
divided, a situation not to be unnecessarily extended. It was 
with a background of such practical considerations in mind that 
our definition of a balanced telephone circuit was formulated, 
and in the opening paragraphs of the paper it is pointed out 
that it deals only with unbalances of the telephone circuits 
themselves, independent of their relation to power circuits. 
Thus, the problem of mutual unbalance within exposures, 
largely a problem of coordinated transposition design, and the 
problem of power-circuit balance, were purposely excluded from 
the scope of the present paper. This, of course, does not mean 
we feel'them any less important than the problem considered. 

Mr. Woodbridge referring to the work of the California 
Joint Committee on Inductive: Interference, mentions the 
difficulty then recognized of getting a criterion and measure of 
unbalance, and of setting any quantitative limits. The authors 
were associated with Mr. Woodbridge in this early joint work 
and as an outgrowth of the need then developed, the investigation 
reported in this paper was undertaken. That the results have 
been put into effective use on the Pacific Coast, it is gratifying 
to note from Mr. Cone’s discussion. We recognize and have so 
stated in the conclusion of the paper that not all has been done 
along this line and with the joint development and research 
work now under way with power engineers, we hope as does 
Mr. Woodbridge that it may be possible to specify practical 
tolerances in construction and operation. | 


ELECTRICAL EQUIPMENT OF CONSOLIDATED 
MINING AND SMELTING COMPANY’S ZINC 
PLANT! 

(LocKYER) 

PASADENA, CAu., OcTOBER 16, 1924 
W.S. Peterson: I was employed at the plant referred to in 
this paper, which has rotary converters for its source of direct 
current. My experience at that plant, was that the rotary 
converters justify themselves in every way. The losses saved 
were roughly 5 per cent or 6 per cent of the total power used. 
The total power was 35,000 kw., which was maintained for 24 
hours per day. You ean understand that the power saved more 
than makes up for the increased maintenance of the rotary 

converter. The final result is greater economy. 

T will now explain the use of the motor-generator set to hold 
the zine from redissolving into the solution, when the rotary 
converters were off the electrolyzing tanks. The plant was 
originally laid out for five tank circuits, with six rotary con- 
verters, thus allowing one spare. Due to the necessity for 
greater production at one time, the plant was operated with six 
sets of tanks on the six converters, with no spare. The company 
had some motor-generator sets from an electrolytic copper 
refinery, which they were not using, and therefore installed them 
to use temporarily on a tank circuit while a rotary converter was 
down for repair work. This change probably worked out better 
than to have another rotary converter, due to the fact that the 
rotary converters in actual operation were down for repairs and 
maintenance not much over 1 per cent and certainly less than1%4 
per cent of the total time. The main loss in a shutdown was not 
only the loss of production but the loss due to redissolving of the 
zinc. By having the motor generator carry one-third to one- 
half of the normal tank load, this latter loss could be avoided. 

In the early years of the operation of this plant there was 
considerable trouble with the converters due largely to the lack 
of experience of the operators. For the past three years, I am 
told, the operation has been such as to give nearly 99 per cent 
availability per machine which seems remarkably good. Some 
may feel inclined to disbelieve this, but this record is taken over 
periods of nine or ten months continuous running at a time 
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when there no spares due to full production being required. A 
rotary would be taken down once every week or ten days for 
cleaning and overhauling the brushes. 

I would say from my experience with this kind of a plant, 
that the synchronous converter certainly deserves its place 
there due to its economical operation and is to be considered far 
superior to the motor generator for that work. 


STREET LIGHTING—A MUNICIPAL PROBLEM! 
(WHITNEY) 
PasaDENA, Cau., OcToBER 17, 1924 


C.J. Stahl: Mr. Whitney has spoken of the Joint Committee 
on street lighting appointed by the New York State Conference 
of Mayors in cooperation with the Empire State Gas and Elec- 
trical Association. Apparently, this committee has felt the 
desirability of establishing a practical nomenclature in which 
street-lighting values may be expressed in recognized terms. 
This idea is commendable and no doubt some progress has al- 
ready been made. However, we may meet difficulty in using the 
term lumens per square foot as a measure of illumination if the 
total lumens output of the lighting unit is to be used instead of 
the actual lumens applied to the surface of the street. The 
latter criterion would give the credit due to equipment which 
utilizes the output of the lamp to better advantage. An upright 
diffusing ball globe for example, produces practically a uniform 
distribution in both horizontal and vertical planes with slightly 
more light above the horizontal than below. Other units em- 
ploying reflectors or refractors increase the light in the lower 
hemisphere and distribute it symmetrically over the surrounding 
area. Still other designs control the light both in the vertical 
and horizontal planes resulting in still higher illumination on the 
surface of the street. 

It seems we are fundamentally in error in the purchase and 
sale of street-lighting services. Most contracts provide rates 
based upon power consumption instead of light delivery. When 
a central station makes such a contract it is naturally disposed 
to favor equipment of low first cost and maintenance charges in 
order to make a fair profit or to break even, for much street- 
lighting business is still being taken on a profitless basis. This 
means that there is naturally a strong tendency to use cheap, 
inefficient equipment. In a unit such as the ball globe, giving a 
uniform spherical distribution there is no duplication of glass- 
ware by the addition of refractors and no elaborate mechanical 
parts to support reflectors. Therefore, such units can be furnished 
at a low first cost. On the other hand the cost per unit of il- 
lumination is high when compared with the cost of the additional 
light obtained from modern equipment using efficient methods of 
light control. Such equipment would be given due credit if 
rates were fixed for the delivery of certain average values of 
illumination. We might also specify the minimum variation 
factor or the minimum and maximum values of illumination 
permissible in producing certain values, otherwise satisfactory 
uniformity would not be assured. 

Specifications can be made to insure the desired aesthetic 
effects as influenced by the spacing arrangement, mounting 
height and other design features. The central station would then 
be at liberty to deliver the required illumination by the use of 
lamps of sufficient size to make up for inefficiency in cheap equip- 
ment or by using modern equipment of high efficiency thus per- 
mitting the use of smaller lamps. 

Some one may say that such a procedure is predicated on the 
assumption that the street surface is the only area we need take 
into consideration. Such an assumption would of course be 
fallacious. In residential districts some illumination is de- 
sired over the area surrounding homes and in business districts 
the building fronts should not be left in darkness. However, 
with the most effective media of control, as represented by the 
most efficient units now availbale, these requirements are ade- 
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quately met. Our efforts to direct the light primarily to the 
street surface result in substantially enhanced illumination, 
however, try as we may we cannot by practical means direction- 
ally control the output of the lamp so completely as to neglect 
harmfully the secondary requirements of surrounding areas. 

Present-day street traffie demands illumination on the street 
surface far in excess of that required ten years ago. On the other 
hand sidewall traffic and pedestrian traffic in general is little, if 
any, faster than ten years ago. There are numerous other rea- 
sons why primary considerations deal with the street surface and 
everything considered an asymmetiec distribution seems entirely 
practical and desirable. It is, therefore, plain that lumens per 
square foot of street, if we base our relation on the lumens output 
of the lighting equipment, without reference to direction, does 
not give us a true measure of street-lighting service. Other 
things being equal, which assumption must also hold if we speak 
in terms of lumens, the foot-candle would seem a more logical 
measure for it definitely expresses the service rendered. When 
we speak with the layman on matters of interior lighting the 
foot-candle is our yardstick. We must, therefore, hope that, 
in time, the foot-candle as a measure of illumination may be 
understood and used by the public at large. We readily visual- 
ize a foot or a yard but only these versed in light and illumi- 
nation have a fair conception of the degree of illumination repre- 
sented by the foot-candle. A general recognition and proper 
conception of this unit may be regarded as one essential to be 
accomplished by current and future educational work. Such 
work would be more difficult and results retarded if we are to 
expect the layman to speak in terms of lumens per square foot 
in street lighting and in foot-candles when considering the light- 
ing of interiors. This should not be overlooked in establishing 
a unified nomenclature. 

R. D. Whitney: In answer to this, I would say that I advo- 
cate neither system. If all will agree to cut out the lumens, 
I would be satisfied but I do not wish to struggle with both. 

O. F. Haas (by letter): Under the heading ‘‘Practical Con- 
siderations,” Professor Whitney indicates that the standardiza- 
tion of ornamental street-lighting equipment throughout a city 
is not the most desirable practise. It seems to me, however, that 
to insure that the street lighting in any city will be developed 
according to the best engineering principles it is necessary that a 
comprehensive street-lighting program be developed classifying 
or zoning the various. streets depending upon the lighting 
requirements. 

This complete and unified program tends to lift street lighting 
out of the class of political footballs, and I believe, insures the 
most satisfaction per dollar expended. Such a comprehensive 
program, of necessity, must be prepared by engineers whose 
knowledge results in an installation with the proper balance be- 
tween initial cost, maintenance, efficiency and appearance. 
Visitors are impressed by the unified appearance of the design 
and the citizens are even more pleased for costs are reduced not 
only through the choice of efficient equipment but also because 
of less equipment to stock and the standardized handling of con- 
struction and maintenance work. 

The work of the New York State Committee is to be highly 
commended. The growing tendency to apply sound engineering 
principles to the solution of street-lighting problems is most 
gratifying. With the thought of studying the most effective 
manner of distributing light on the street the Municipal Depart- 
ment of Light and Power, the Cleveland Electric Illuminating 
Company, and the National Lamp Works have installed at Cleve- 
land a full-scale street laboratory for investigating and demon- 
strating the principles underlying thoroughfare and residential 
street lighting. 

The installation covers a 2000-ft. section of a typical Cleve- 
land street, East 152nd Street. It consists of some forty 
separate lamp circuits—virtually forty streets in one—and each 
circuit illustrates a definite principle of correct illumination. 
Lamps ranging from 1000 lumens to 30,000 lumens in size, with 
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spacings from 75 ft. to 900 ft. are mounted at heights from 11 ft. 
to 26 ft. The location of units ranges, by four successive steps, 
from 2 ft. back of the curb line to the center of the street, bracket 
arms being used. 

This installation affords by far the most comprehensive 
demonstration of street-lighting principles and effects ever in- 
stalled. It is the only place in the world where comparison of a 
wide variety of lighting effects upon the street can be made 
instantly. It is planned to conduct a number of investigations 
under the various lighting effects for a wide variety of conditions, 
with the view of properly evaluating the different factors involved 
and obtaining definite information regarding the particular 
characteristics of each system. 

This installation will also serve another distinet purpose, apart 
from its research function. The selection of a suitable street- 
lighting system by a town or city has always been rendered some- 
what difficult on account of the lack of an opportunity to view a 
number of different street-lighting systems at one time and to 
compare their characteristics with respect to the specific require- 
ments of that town or city. With this demonstration available 
at Cleveland, engineers, city officials, and civic organizations now 
have an opportunity to view at one time the various standard 
types of street-lighting systems that are available in order to 
compare their individual characteristics of appearance and 
light distribution. 

R. D. Whitney: Those present may be interested in the 
way we finance street lighting in the East, as I understand it is 
quire different from what is done out here. 

It is difficult to get a city administration to maintain satis- 
factorily a street-lighting system. In Syracuse the street 
lighting is purchased from the operating company at an annual 
charge for each unit. The City of Syracuse does not own any 
of the equipment. A 2500-lumen lamp, the smallest which is 
installed, mounted on a bracket from a wooden pole costs $30 per 
annum; the 4000-lumen lantern, post-mounted, costs $65; the 
single-lamp inverted magnetite, $90; and the twin-lamp stand- 
ard of this type $165. 

Considerable dissatisfaction with the present method of 
financing an ornamental lighting installation is experienced. 
By State Law for cities of the second class, the abutting property 
must pay 50 per cent and the city at large 50 per cent with 
assessment on a valuation basis as other taxes are levied. This 
means that the property owners on the streets where values are 
greater pay not only for their own lighting but a large proportion 
of that for the minor streets. Assessment on a front-foot basis 
will no doubt be effective in the near future. 

It has been interesting in studying street-lighting systems in 
the East to observe the great diversity of opinion among those 
responsible. One engineer will tell you that ‘‘No living man can 
operate an are lamp satisfactorily.”” The next city you visit 
has no parkway cable in its system and will not have as long as the 
personnel of those interested does not change. One of the 
points least considered is careful spacing of standards. 


The most important thing in street lighting is conceded by 
some to be the spacing of units. In Syracuse, intersections 
are not ignored. Accidents usually occur at intersections and 
these should, therefore, be adequately lighted and the other units 
arranged accordingly. 

In Rochester last June, our street-lighting exhibit consisted of 
twenty-one different types of installations on the city streets. 
Over 200 city officials viewed these installations in a 12-mile 
ride. Our report had been given prior to this inspection trip. 
All interested were asked to co-operate in this exhibition and 
several special blocks were set up. The City of Rochester is 
very well lighted and has some 30 mi. of ornamental lighting. 

Farley Osgood: I would like to ask if, in laying out your 
lighting systems you give consideration to the possible inter- 
ference with communication systems? 
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R. D. Whitney: In Syracuse our communication systems 
are underground in most of the streets where special lighting has 
been installed. Our greatest interference has been with traffic 
signals. An effort was made to use the same poles for the 
lighting and signals but this-was later abandoned. Poles of 
the same design are used for the traffic signals, four at 
each intersection, and the latter system is entirely independent. 
Thirty-two street intersections are to be controlled automatic- 
ally and simultaneously. 

Street-lighting systems are producing considerable inter- 
ference with radio reception. Some operating executives have 
told me that. they weleome such complaints and feel that their 
systems are operating more efficiently as a result of these reports. 

L. P. Ferris: I should like to ask if you employ individual 
transformers with your incandescent lamps? 

R. D. Whitney: We have no individual transformers. 
We use a straight series circuit and at present each circuit be- 
gins and ends at each of our two substations. 

L. P. Ferris: That is a very much better condition with 
respect to interference and perhaps accounts for the fact that 
you have not heard of complaints that you might have otherwise. 
We have run into cases of individual transformers supplying the 
lamps at a higher current than 6.6 amperes and when those | 
lamps burn out it leaves the transformer secondary open and the 
over-saturation of those transformers has been known to pro- 
duce a harmonic sufficiently high to interfere, not only with the 
ordinary communiéation circuit, but in some cases with radio. 


R. D. Whitney: The discussion has served to emphasize the 
need of a comprehensive city-wide street-lighting program and 
the need of real engineering in laying out such systems. In the 
East, many cities are awakening to this and the report given at 
Rochester before the annual Mayor’s Conference last Juné has 
already borne fruit in a number of New York State Cities. 
Street lighting is beginning to take a more important place in 
city planning and let us hope that it will receive more considera- 
tion in the future. 


HYDROELECTRIC DEVELOPMENT IN 
CANADA IN 1924 


The Minister of the Interior in his annual statement 
regarding the development, distribution, and use of 
hydroelectric energy in Canada reports an exception- 
ally substantial growth during 1924. More than 
300,000 horse power of new installations were added 
during the year, involving some $45,000,000 in capital 
expenditure and bringing the total installation in the 
Dominion to 3,569,275 horse power. This does not, 
however, give a complete picture of the situation, as 
many large projects were carried well toward comple- 
tion and will, when finished in 1925, bring a further 
addition of 600,000 horse power to the country’s total. 


INSTALLATIONS BY PROVINCES 


Installations in the various Provinces during 1924 
were: Quebec, 175,000 horse power; Ontario, 132,000 
horse power; and Nova Scotia, approximately 7000 
horse power. In British Columbia, no new installation 
was completed during 1924, but extensive developments 
were being carried on by the British Columbia Elec- 
tric Railway Co. and the West Kootenay Light and 
Power Co. It is expected that these installations will 
be completed during 1925.—Commerce Reports. 
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By the Lighting and Illumination Committee 
THE EFFECT OF BRIGTHNESS ON THE PRECISION OF 
VISUALLY CONTROLLED GPERATIONS 
By P. W. COBB AND FRANK K. Moss* 

The possibilities of increasing production in industrial 
plants by the use of better designed lighting equipment 
and higher intensities of illumination have been proved 
experimentally and in practise. In general, such 
changes in the lighting of a factory have been made for 
the purpose of increasing production. There are many 
operations, however, where the accuracy with which 
piece of work can be done is of more importance then 
the speed, and the advantages of better lighting can be 
utilized in promoting accuracy rather than in saving 
time. Of course, this increased accuracy may result 
in increased production. 

The relation between brightness and precision was 
investigated in the Lighting Research Laboratory at 
Nela Park by requiring a number of subjects to set a 
movable marker opposite a fixed one, working 
under several different intensities of illumination. In 
order to realize the full advantage of better lighting in 
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Curves B and A give the relation between brightness and the mean 
variation of the settings for light and dark surroundings respectively. Curve 
C is the average of curves A and B; points C1, C2, and C3 were obtained 
by interpolation. 


precision and not in speed a definite amount of time 
(two seconds) was allowed for each adjustment of the 
apparatus. The mean variation from the mean setting 
was chosen as the criterion for the precision of the 
work. The experimental results, of which there are 
some 25,000 individual settings obtained with ten 
different subjects, are shown plotted in the accom- 
panying illustration. 

Four values of brightness, 1, 5, 20 and 100 milli- 
lamberts were used so that the data includes practical 
levels of intensity. (This range in brightness corre- 
sponds to a range in foot-candles on a surface of 807% 
reflection-factor from .86 to 86 foot-candles approxi- 
mately). Curve B is obtained by plotting the mean 


*Both of the Lighting Research Laboratory, National Lamp 
Works, General Electric Co., Nela Park, Cleveland, Ohio. 
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variation against the brightness when the field surround- 
ing the test-object was illuminated to the same intensity 
as the back-ground of the test-object. Since the ratio 
of the brightness of the background to the surrounding 
field was known to be an appreciable factor in visual 
work, the experiment was repeated, having the sur- 
rounding field dark. The effect of the dark surround- 
ings was to increase the mean variation of the settings 
although the same intensities on the test-object were 
used in both cases. Curve A represents this latter 
condition. Curve C is the arithmetical average of 
Curves A and B. 

The curves appear asymptotic but other considera- 
tions indicate that there are limits with respect to both 
variables. At or below threshold values of brightness 
the setting would be made largely by touch or muscle 
sense, with vision a much less important factor. At 
extremely high intensities a falling off of precision would 
be expected as the result of “glare,” especially when 
the test-object appears as a bright area in a dark field, 
An intimation of this effect is to be seen in curve A. 
although this would by itself not be conclusive evidence. 

It is reasonable to assume that with test-objects of 
other descriptions a similar relation between precision 
and brightness would be obtained, and therefore, that 
the general result obtained is fundamental and not a 
function of the particular apparatus used. 

The results of this investigation can pe applied to 
many industrial operations. In cases where the output 
is on a quantity production basis with the various 
operations following one another at fixed and predeter- 
mined intervals, the conditions encountered parallel 
those of the test and the gain in accuracy found in the 
laboratory could be expected in practise. 


SCHENECTADY’S WHITE WAY 

“Ornamental lighting standards on every paved 
street’’ is the verdict of Schenectady, N. Y., which has 
made Erie Boulevard, one of its main thoroughfares, 
the best lighted street in the eastern part of the country, 
With the “Path of Gold” of San Francisco and the 
business section of Salt Lake City, it ranks among the 
three best lighted streets of the world. 

A few years ago, when the newly completed Barge 
Canal caused the abandonment of the old Erie Canal, 
Schenectady was faced by the problem, how could the 
old canal bed be-utilized to the best advantage? 

Plans were made for the construction of a boulevard 
across the city—a direct route from the center of the 
business section to each of its largest manufacturing 
concerns. 

One section of the boulevard has been completed— 
113 feet between curbs, with twenty-foot sidewalks, 
parkways and underground wiring. On the eve of the 
Fourth of July, a switch was thrown in the power sta- 
tion, and Erie Boulevard burst into a splendor of light 
fifty times as bright as that to which it had been 
accustomed.—Lighting Fixtures and Lighting. 
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St. Louis Ready for Spring Convention 


Interest continues to increase in the Spring Convention in St. 
Louis, April 13-17. The large and energetic local committee has 
perfected all details of the arrangements. A technical program 
of high order will be presented. The subjects of the papers will 


ENTRANCE TO CHASE HoreE., St. Louts 


be of especial interest to those who are located in the central 
section of the country. Included in the topics will be power 
stations and systems, electrical machinery, communication and 
marine, mine and industrial applications. The list of papers will 
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be the same as that given in the announcement in the March 

issue of the JouRNAL, page 305, with the addition of one paper, 

namely, Hlectric Shovels by D. J. Shelton, Marion Steam Shovel 

Company, and D. 8. Stoetzel, General Electric Company. 
CompLETE PLANS FOR LADIES 


The social and sports events have been emphasized in making 
arrangements. Special and complete plans have been made for 
the pleasure of the ladies and the attendance of a large number is 
expected. 

OsTaiIn Repucep-Fare CERTIFICATES 

All those who attend from outside of St. Louis should without 
fail obtain railroad certificates when purchasing tickets. These 
certificates entitle the holders to half-rate return fare over the 
same route as that used in going to St. Louis, provided 250 
certificates are turned in at convention headquarters in St. Louis. 


Power Sration, Unton Evectric Light anp Powmr Co. 


The help of every visitor is needed to insure that 250 certif- 
icates will be deposited. Even though you will not use the 
certificate yourself, your obtaining it will assist others to save 
railroad fare. 

The general committee in charge of the convention is as fol- 
lows: Messrs. B. D. Hull (Chairman), Edward Bennett, H. E. 
Bussey, J. M. Chandlee, H. W. Eales, J. Harrison, Chris. H. Kraft, 
L. W. W. Morrow, C. P. Potter, W. L. Rose, Herbert S. Sands. 
A very complete organization of subeommittees has been earry- 
ing out the details of the plans. The chairmen of the subcommit- 
tees are: Entertainment, W. L. Rose; Finance, G. A. Waters; 
Publicity, C. L. Matthews; Registration and Hotel, J. M. 
Chandlee; Special Feature, C. H. Kraft; Technical Inspection, 
C. C. Robinson; Technical Meetings, C. P. Potter, and Trans- 
portation, J. L. Buchanan. 


A. I. E. E. Annual Business Meeting 
NEW YORK, MAY 15, 1925 

The annual business meeting of the A. I. E. E., will be held on 
Friday, May 15, at 8:15 p. m. in the auditorium of the Engineer- 
ing Societies Building, 33 West 39th Street, New York City. At 
this meeting the results of the annual election of Institute officers 
will be announced and the report of the Board of Directors for 
the year ending April 30 will be presented. 

Following the business session an address on a subject of 
timely interest will be made by a speaker of national prominence. 
This feature of the evening’s program will be conducted under the 
auspices of the New York Section. 


The Annual Convention at Saratoga 
Springs 
A number of very pleasant and attractive features will be 
offered by the coming Annual Convention which will be held in 
Saratoga.Springs, N. Y., June 23-27. The social and sports 
activities will take a large share of the program as is customary 
at the Annual Convention. Also much valuable technical ma- 
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terial will be presented and probably two evening meetings will 
be held on topies of wide and live interest. This convention will 
furthermore be the occasion for an all-day conference of Section 
delegates. 

Saratoga Springs, located in the Adirondack Mountains, 
abounds in opportunities for outdoor enjoyment. Every after- 
noon of the convention will be free to spend in sports or other 
recreation. Lovers of golf will enjoy the excellent.courses which 
are located there. Tennis players likewise will find good courts 
nearby. Beautiful automobile drives lie in all directions and 
many of the visitors will take their own cars to the convention. 

There will be dances probably on two evenings and several 
enjoyable entertainment features. The President’s reception 
will be held Tuesday evening. The ladies will find much to 
enjoy in this meeting. Complete arrangements will be made for 
their pleasure and numbers of them will attend. 


Tur TECHNICAL PROGRAM 


Reviews of the progress in the various technical fields will be 
presented by the respective Technical Committees during Tues- 
day and Wednesday of the convention week. A number of 
picked technical papers on live subjects will be scheduled for 
Thursday and Friday. 

Two special evening meetings are planned at which prominent 
speakers will give addresses. The subjects contemplated for 
these meetings are railroad electrification and engineering 
education. ; 

The conference of the Section delegates will be held all day 
Monday. At this conference the accomplishments, plans and 
problems of the Institute Sections will bediscussed. All members 
of the Institute are invited to be present at this conference and to 
join in the very interesting discussion which will take place. 

A specially attractive event of the meeting will be a trip to the 
works of the General Electric Company at Schenectady. This 
trip will be made probably Wednesday afternoon. 

The appointment of the convention committee will soon be 
completed and active work on the details will be pushed forward. 
The chairman of the committee is James R. Craighead, Assistant 
Engineer, General Engineering Laboratory, General Electric 
Company, Schenectady. 


Pacific Coast Convention to be Held in 
Seattle, September 15th 

This year the Pacific Coast Convention is going to be held in 
Seattle, commencing September 15 and continuing several 
days. 

As yet no definite plans can be announced but the convention 
committee is being organized and will soon have plans under 
way. G. EH. Quinan, chief electrical engineer, Puget Sound 
Power and Light Company, has been appointed chairman of 
the committee. 


Meeting at Swampscott has 
High Quality Program 

A very comprehensive program is planned for the second 
Regional Meeting of the Northeastern District of the Institute 
which will be held at Swampscott, Mass., May 7, 8 and 9. This 
meeting follows up the successful meeting held by the District at 
Worcester, Mass., last year which was the pioneer meeting of its 
kind. At the coming meeting the Lynn Section will be host. 

The New Ocean House in which the meeting will be held is 
charmingly situated by the ocean shore. On the hotel grounds 
is a nine-hole golf course, a putting green and several good tennis 
courts. There is also excellent boating and fishing and a fine 
bath house, although at the time of the Convention the water 
will be rather cold. ; 

A program for the Convention is being arranged that will 
combine recreation and entertainment with the more serious work 


Regional 
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of the technical sessions. The social side of the program is under 
the direction of a committee from the Lynn Section, recruited 
from those who did so much toward making the non-technical 
features of the National Convention in 1923 a success. The 
arrangements include a banquet and evening entertainment, also 
golf, tennis, auto trips to nearby points of interest and a fishing 
trip on Saturday to Egg Rock. 

Dr. Elihu Thomson has been scheduled as the speaker at one ol 
the evening meetings and this will be an occasion which wilf 
be enjoyed by a large attendance. 


Ag for the technical sessions, there will be papers on such sub- 
jects as Transmission Problems, High-Voltage Power Cable, Tap 
Changing Under Load, Electrical Measurements, and Hngineer- 
ing and Industrial Education. Many of these papers are by 
nationally known engineers, presenting material of great interest 
and importance to the profession. Others will be presented by 
younger authors in competition for Regional and National 
‘“first-paper”’ prizes. 

The plan so successfully carried out at the Worcester Conven- 
tion last year, of having plenty of time available for detailed 
discussion of the important papers, will be followed again this 
year. With this in mind it is planned to have many of the 
“first papers’ presented in abstract. This procedure will in no 
way interfere with their value as it is expected that such papers 
will be printed for distribution previous to the meeting. Among 
these are several ‘‘first papers’? which have been scheduled for 
past or future national conventions. These are placed on the 
program to make them eligible for the prizes and will be pre- 
sented by title only. 

The meeting is being arranged under the guidance of the 
Coordinating Committee of the District formed for the purpose. 
This Committee consists of H. B. Smith, Vice-President of the 
Northeastern District, who is Chairman, A. C. Stevens, Sec- 
retary, F. T. Byrne, J. R. Craighead, F. S. Jones, A. E. Knowlton 
and B. W. St. Clair. The local arrangements are being handled 
by the local convention committee which is as follows: B. W. 
St. Clair, Chairman, F. H. Bowman and F.S. Jones. 


TpntTATIVE List OF PAPERS FOR Swampscorr MEETING 


Overvoltages on Transmission Systems Due to Dropping of Load, 
E. J. Burnham, General Electric Co. 

Sleet and Ice on Transmission Lines, C. R. Oliver, New England 
Power Co. 

Electro-Mechanical Problem Analyzer, ©. A. Nickle, General 
Hlectric Co. 

Transmission Paper or Discussion, N. G. Reinicker, Pennsyl- 
vania Power & Light Co. 

Tap Changing Under Load, H. C. Albrecht, Philadelphia Electric 
Co. 

Voltage Control Obtained by Varying Transformer Ratio, L. F. 
Blume, General Blectrie Co. 

Changing Transformer Ratios without Interrupting the Load, 
M. H. Bates, General Blectrical Co. 

Universal-Type Motors, L. CG. Packer, Westinghouse Electric & 
Mfg. Co. 

A Two-S peed Salient-Pole Synchronous Motor, R. W. Wieseman, 
General Electric Co. 

Short-Circuit Currents of Synchronous Machines, R. F. Franklin, 
General Electric Co. 

Losses in Iron Under the Action of Superposed A-C. and D-C. 
Excitation, J. BE. Jackson, Alabama Power Co. and O. EK. 
Charlton, General Blectrie Co. 

Oil-Filled Terminals for High-V oltage Cables, H. D. Eby, General 
Hlectric Co. 

Investigation of High-Voltage Cable Joints, E. W. Davis and G. J. 
Crowdes, Simplex Wire & Cable Co. 

Cooperative Course in Electrical Engineering, Professor W. H. 
Timbie, Massachusetts Institute of Technology 

Education in Industry, 8. Ww. Ashe, General Electric Co. 
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Calibration of Wave Meters, Jas. K. Clapp, Massachusetts Insti- 
tute of Technology 

Predetermination of Self-Cooled Oil-Immersed Transformer Tem- 
peratures, W. H. Cooney, General Electric Co. 

Study of Time Lag of the Needle Gap, K. B. MeKachron and KH. J. 
Wade, General Electric Co. - 

Recent Improvement in A-C. Indicating Instruments, 8. H. Hoare, 
General Electrie Co. 

Measurement of Electrical Output of Large A-C. Turbo-Generators, 
E. S. Lee, General Electric Co. 

Temperature Errors in Induction Watthour Meters, I. F. Kinnard 
and H. T. Faus, General Electric Co. 

Effect of Repeated Voltage Application on Fibrous Insulation, 
F. M. Clark, General Electrie Co. 


Board of Directors to Meet in St. Louis 
April 14 
A meeting of the Board of Directors will be held in St. Louis, 
Mo., during the Spring Convention. The meeting will be held 
at the Hotel Chase which is Convention headquarters at 4:30 
P. M., Tuesday, April 14, 1925. 


A. I. E. E. Directors’ Meeting 


The regular meeting of the Board of Directors of the American 
Institute of Electrical Engineers was held at Institute head- 
quarters, New York, on Friday, March 13, 1925. 

There were present: President Farley Osgood, Newark, N. J.; 
Vice-Presidents William F. James, Philadelphia; Harold B. 
Smith, Worcester, Mass.; L. F. Morehouse, New York; Man- 
agers R. B. Williamson, Milwaukee; G. L. Knight, Brooklyn, 
N. Y.; H. P. Charlesworth, New York; EH. B. Merriam, Schenec- 
tady, N. Y.; Treasurer George A. Hamilton, Elizabeth, N. J.; 
Secretary F. L. Hutchinson, New York. 

Chairman L. W. W. Morrow of the Meetings and Papers Com- 
mittee appeared before the Board and reported orally upon the 
plans of the committee regarding the Annual Convention and 
other meetings of the Institute. 

The Board ratified the approval of the Finance Committee of 
monthly bills amounting to $24,389.18. 

A report of the meeting of the Board of Examiners held March 
9, was presented and the actions taken at that meeting were 
approved. Upon the recommendation of the Board of Exam- 
iners, the following actions were taken: 150 Students were 
ordered enrolled; 343 applicants were elected to the grade of 
Associate; 11 applicants were elected to the grade of Member; 
6 applicants were transferred to the grade of Member; 1 appli- 
cant was transferred to the grade of Fellow. 

An application for authority to organize a Student Branch 
of the Institute at the Missouri School of Mines and Metallurgy, 
Rolla, Mo., was considered and the Board voted to authorize 
the establishment of this Branch. 

Upon the recommendation of the Standards Committee, the 
Board voted to adopt a report of Working Committee No. 27, 
outlining the “General Principles upon which Temperature 
Limits are Based in the Rating of Electrical Machinery and 
Apparatus,” to be printed and made available in pamphlet form 
in connection with the general revision of the Standards. 

Dr. John B. Whitehead, Chairman of the Institute’s Commit- 
tee on Research, was nominated, for appointment by the National 
Academy of Science, as a representative of the Institute on the 
Engineering Division of the National Research Council, to sue- 
ceed Mr. Bancroft Gherardi, whose term expires June 30, 1925. 

The report of the Committee of Tellers on the nomination 
ballots received for the offices to be filled at the coming annual 
Institute election, was presented and the Board selected the 
‘Directors’ Nominees” as indicated elsewhere in this issue. 

The Board voted to request the Constitutional Revision 
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Committee to act as a Special Committee on Revision of the By- 
laws of the Institute, to formulate for action by the Board of 
Directors such additions or amendments to the by-laws as may be 
necessary in case the amendments to the constitution now being 
voted upon are adopted; also to consider and make recommenda- 
tions upon any other changes in the by-laws as may be originated 
in the committee or received from any member of the Institute. 

A communication from Executive Secretary L. W. Wallace of 
American Engineering Council was read, transmitting the 
following resolution adopted by representatives of local member 
societies in conference immediately following the January meet- 
ing of the Assembly of American Engineering Council: 

“Voted: This group of representatives on the Assembly of 
American Engineering Council, coming from the local engineering 
societies, requests the Executive Secretary to express to the 
American Society of Mechanical Engineers and the American 
Institute of Electrical Engineers the deep appreciation of the 
local engineering societies of the support to the engineering 
profession given by these two societies in remaining the back- 
bone of American Hngineering Council.” 

Others matters of importance were discussed, reference to 
which may be found in this and future issues of the JouRNAL. 


Future Section Meetings 


Baltimore 

Power from Waste Fuel, by Messrs. Coulter and Schnure, 
Bethlehem Steel Co. April 17, 8:15 P. M., Sparrows Point, Md. 

European Practise, by W. B. Potter, General Electric Co., 
May 15, 8:15 P. M. 

Erie 
Automatic Substations, April 21. 
The Telephone. May 19. 


Fort Wayne 


Inspection trip to the new automatic telephone exchange, 
corner Barr and Berry Streets. Mr. E. L. Gaines will have 
charge of the meeting. April 28, 8:00 P. M. 

Annual Banquet. May 21. 


New York 


A meeting of the New York Section of the A. I. E. E. will be 
held in the auditorium of the Public Service Building, Newark, 
N. J. on the evening of Tuesday, April 21, 1925. Details as 
to speakers, ete., will be announeed at a later date. . 


St. Louis 
National Spring Convention. April 13-17. 
Super-Power Systems. May 27. 
Seattle 
Economies of Transmission-Line Design, by E. A. Loew. 
April 15, Tacoma. 
Baker River Development, by L. N. Robinson. 
Officers. May 20. 


Election of 


Vancouver 
Hydro- Electric Developments of the 
Company, by M. L. Wade. May 1. 


East Kootenay Power 


A. I. E. E. Annual Election 


At the meeting of the Board of Directors of the Institute 
held in New York, March 13, the report of the Committee of 
Tellers, giving the result of its canvass of the nomination ballots 
received for the offices to be filled at the coming annual election, 
was presented. 

This report included the names of all candidates eligible for 
election, the names of those who received less than three per cent 
of the total nomination vote having been eliminated in ac- 
cordance with the requirements of the constitution. 
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The Board selected the following list of ‘Directors’ Nominees”’ 
for the offices to be filled: 
For President: Dr. Michael I. Pupin, New York, N. Y. 
For Vice-Presidents: District No. 2 (Middle Eastern) 

Arthur G. Pierce, Cleveland, Ohio 
District No. 4 (Southern) 

W. E. Mitchell, Birmingham, Ala. 
District No. 6 (North Central) 

Herbert S. Sands, Denver, Colo. 
District No. 8 (Pacific) 

P. M. Downing, San Francisco, Calif. 
District No. 10 (Canada) 

W. P. Dobson, Toronto, Ont. 
M. M. Fowler, Chicago, Ill. 
E.C. Stone, Pittsburgh, Pa. 
H. A. Kidder, New York, N. Y. 
For Treasurer: George A. Hamilton, Elizabeth, N. J. 

The election ballots were mailed to the entire membership 
prior to April 1, in accordance with the constitution. 

The report of the Committee of Tellers follows: 


REPORT OF COMMITTEE OF TELLERS ON 
NOMINATION BALLOTS 


For Managers: 


: March 6, 1925 
To the Board of Directors, 

American Institute of Electrical Engineers 
Gentlemen: 

This Committee has counted and canvassed, in accordance 
with Article VI of the Constitution, the nomination ballots 
received for officers of the Institute for 1925-1926. The result 
is as follows: © 

Total number of envelopes said to contain ballots 


received from the Secretary........-.--++-:: 2638 
Rejected on account of bearing no identifying name 
Onionterenvelopess+ +. 26... eee ee eee 35 
Rejected on account of having reached Secretary’s 
office after February 28.......---++-+-+++++>- fish 1183 
2525 


Leaving as valid ballots.........--+----+++s+++ 
These valid ballots were counted and the result is shown 


below: 
FOR PRESIDENT 


Miia dbl oiiolitt, =. ded eeaplee etn nro a aioe Sean 2440 
Meatierine and blawi.) -. seca eet terete! 85 
otal eee ee tie sate Sto t-te te 2525 


The scattering vote was divided among 11 candidates, each 
of whom received less than three per cent of the total vote. 
Detailed distribution of these votes is shown on the original tally 
sheets filed in the Institute offices. ) 


FOR VICE-PRESIDENTS 


District 
No. 2. Middle Eastern 


Arthur G. Pierce........--++++:> 1748 

Mie HS ChOCDlie tagcat ors ache oa 423 

Seattering and blank.......-.--: 354 
No. 4. Southern 

Tie ile IN Mare IGS Saeed aie ao uc 2107 

Seattering and blank.......-.--- 418 
No. 6. North Central 

12h Ch Rinks « po pee cee pod ae 2158 

Seattering and blank.....-..---- 367 
No. 8. Pacific ' 

PVs DOWMINo ens. ts ee 2136 

Seattering and blank......------ 389 
No. 10. Canada 

Vis EL IDO SON on 2b res Se ow Ono 2120 

405 


Scattering and blank.......- 
(The scattering vote was divided among 22 candidates, each 
of whom received less than three per cent of the total vote. 
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Detailed distribution of these votes is shown on the originay 
tally sheets filed in the Institute offices). 


FOR MANAGERS 


VEEN LOW Ona meee ee renee ee ne tn. yay nee: acc eon eee LOL: 
ie Gta SUOLOMEEW te crea TLR MN 7 Gite. fee cae ny ROS 
Ee ER Ld Ortee Petes ene pr niet hee et nce tee heroes 1518 
ROSH OMN LeLUGOT as area cute oie ete MEN Tichtat ate Ganson ore LL OS 
Times ESV eine tater Meee rhs ein ca celty kauri e oe eree OS: 
Cau LOrunie va MC Oley Retehe x dee g.coe ike cismnueyttes rds ccuchs, «, kel 666 


(The scattering vote was divided among 31 candidates, each 
of whom received less than three per cent of the total vote. 
Detailed distribution of these votes is shown on the original 
tally sheets filed in the Institute offices). 


FOR TREASURER 


(eoreeRAmELamiltonetes ast .c wei eerer teil a, omer 2156 
SOUS CHNOMOIRVMK 4 ah oon ac cog dover omsgon dower  cloe) 
MO tell eet pak tea ake TOS a eT. Bes: See 2525 


(The seattering vote was divided among 7 candidates, each of 
whom received less than three per cent of the total vote. Detailed 
distribution of these votes is shown on the original tally sheets 
filed in the Institute offices). 

Respectfully submitted, 
R. R. Kime, Chairman 
W. G. FREEMAN 
Kk. A. Merwin 
J. W. NostRaNnD 
A. F. Hampt 
Committee of Tellers 


New York Electrical Society to Visit 
Edison Lamp Works 


On the evening of April 16, 1925 the New York Electrical 
Society will make a visit to the Edison Lamp Works of the 
G. E. Co. at Harrison, N. J. A buffet supper will be served at 
6p.m. Directly after supper a talk will be given by George H. 
Stickney, Illuminationg Engr. of the Works on “Lighting 
Education by the Visual Method.” An inspection of the lighting 
exhibit will follow. This exhibit includes every modern type of 
lighting equipment, covering home, office, store, show window, 
factory, street, auto, sign, flood lighting, ete. 


Third Hydroelectric Conference Held by 
Engineers Club of Philadelphia 


The third annual Hydroelectric Conference under the auspices 
of the Engineers Club of Philadelphia was held on March 10. 
Seven technical papers dealing with the general topic of ‘‘Practi- 
cal Problems of Operation” were presented by eminent engineer 
in morning and afternoon sessions and a dinner held in the 
evening in the Bellevue-Stratford Hotel was followed by ad- 
dresses by three prominent speakers. 

The morning session dealt particularly with the operation of 
hydraulic machinery employed in generating plants. The first 
paper was The Operation of Hydroelectric Systems with Auxiliary 
Steam Plants for Best Economy and Proper Governing, by W. M. 
White, Allis-Chalmers Manufacturing Company. This was 
followed by Operation of Hydroelectric Units for Maximum 
Kilowatt Hours, by F. Nagler, Allis-Chalmers Manufacturing 
Company. Next on the program was a paper Inter-Relation of 
Operation and Design of Hydraulic Turbines, by F. H. Rogers and 
L. F. Moody; of the William Cramp & Sons Ship and Engine 
Building Company. Then Kk. C. Hutchinson of the Pelton 
Water Wheel Company presented Operating Problems and Their 
Relation to the Design of Hydroelectric Machinery in the West. 

The afternoon session was devoted to the electrical equipment 
of hydroelectric plants and opened with the paper Operating 
Practise in Hydroelectric Developments, by C. B. Hawley, Consult- 
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ing Engineer. This was followed by Features of Design in Latest 
Large Hydroelectric Generators, by M. C. Olson, General Electric 
Company. F.D. Newbury, Westinghouse Electric & Mfg. Co., 
presented the last paper of the session, Recent Developments in 
Hydroelectric Generators. Much pertinent, and valuable dis- 
cussion was offered by a number of engineers at both technical 
sessions. 

The addresses in the evening were on broad topics relating to 
water power development. The first speaker was Dr. W. F. 
Durand, President of the American Society of Mechanical 
Engineers and the subject of his talk was Power and Its Relation 
to American Progress. Charles Penrose of Day and Zimmerman, 
Ine., was the second speaker and his topic was Power in Penn- 
sylvania. The closing address of the evening was given by 
A. E. Pope of the New England Power Company who spoke on 
Water Power’s and Superpower’s Contributions to New England. 


Student Convention in Philadelphia is Very 
Successful 


An innovation for the Institute, a Student Branch convention, 
was held on March 9 at the Moore School of Electrical Engineer- 
ing, University of Pennsylvania, under the direction of the 
Philadelphia Section. Students from nine colleges and others 
attended the meeting making a registration of about 300. The 
meeting lasted one day and consisted of technical papers by 
students in the morning, inspection trips in the afternoon and a 
_ dinner and an address by President Farley Osgood in the evening. 

This meeting was entirely worth while to the students and to 
the Institute. It increased the students’ interest in A. I. E. E. 
affairs and gave them an excellent opportunity to meet the 
electrical students from the other colleges. Those responsible 
for the arrangements deserve high commendation. 

The technical session consisted of the following papers. 

The Small College in Engineering Education, by John B. Donal, 
Swarthmore College. 

A Voltage Survey, by F. J. Berger, Lehigh University. 

Radio Broadcasting at Haverford College, by Winthrop M. Leeds 
and Gerald C. Gross, both of Haverford College. 

The Oil-Electric Locomotive, by J. B. Powell and C. L. Craven, 
both of Lafayette College. 

Three inspection trips were made in the afternoon. These 
were to (1) Delaware Station of the Philadelphia Electric Com- 
pany, (2) Parkway Building of the Bell Telephone Company of 
Pennsylvania and (8) Villa Nova, Haverford and Swarthmore 
Colleges. 

After the dinner in the evening President Farley Osgood spoke 
on “What a College Man Goes Up Against and How to Meet it.”’ 
He gave a very inspiring talk outlining some of the problems 
which the engineering graduate has to face and giving some very 
wholesome practical advice on overcoming these problems. 

The colleges participating in the convention were Drexel 
Institute, Haverford College, Lafayette College, Lehigh Univer- 
sity, Princeton University, Swarthmore College, University of 
Delaware, University of Pennsylvania and Villa Nova College. 
Special credit for planning and conducting the meeting must be 
given to the officers of the Philadelphia Section, the officers of the 
Student Branch at Moore School of Engineering and the Student 
Branch Activities Committee, consisting of professors and 
other engineers in the territory represented. 


Commission of Washington Award 
Endowment Increased 
The Commission of Washington Award endowment has just 
been increased by the amount of $2000. This increase in the 
fund is made by its founder John W. Alvord, Past President of 
the Western Society of Engineers in order that the annual 
expenses incurred in connection with the award may be properly 
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provided for and that the presentation may not be hampered in 
any way. 

The Commission of Washington Award was established in 
1917 “‘to be annually presented to an engineer whose work in 
some special instance, or whose services in general have been 
noteworthy for their merit in promoting the public good.” 
The award is made annually be a committee composed of nine 
representatives of the Western Society of Engineers and two 
each from the A. S.C. E., the A. I. M. E., the A. S. M. E. and 
the A. I.E. E. Three awards have been made, as follows: 
Herbert Hoover, 1919; Captain Robert W. Hunt, 1922; Professor 
Arthur N: Talbot, 1924. 


American Institute Arranges Exposition of 
Inventions 


During the week of April 27th to May second, inclusive, The 
American Institute of the City of New York, now in the 97th 
year of its service to American Industry, is planning to hold an 
exhibition which will tell the ‘story of invention from the dawn 
of civilization to the ‘day after tomorrow.’ ’’ This will beheld at 
the Engineering Societies Building, 33 West 39th Street, and 
able inventors, research engineers, chemists, as well as those who 
have had much to do with the development of inventions, will 
unite in telling the chapters of this marvelous progress. 

Among the speakers on the program, more than fifty in all,— 
are Doctor Ira N. Hollis, President of Worcester Polytechnic 
Institute; Dexter S. Kimball, Dean of the College of Engineering 
Cornell University; Professor Joseph W. Roe, New York Uni- 
versity; C. M. Keys, of the Curtiss Aeroplane & Motor Com- 
pany; Doctor Alfred B. Hitchins, of the Duplex Motion Pie- 
tures; Lieutenant-Commander George H. Brandt, Secretary 
General of the Conference on Oceanography; Stephen H. Horgan, 
Inventor of the half-tone. 


Insulator Test Specifications 


Through oversight, the last section of ‘Insulator Test 
Specifications’ was omitted as published in the March JourNnat, 
page 300. The omitted part follows: 


IX. Oprionat Tests—SusPENSION INSULATORS 


1. Thermal Test. After the routine “Test after Assembly’’ 
a number of representative assembled insulators shall be sub- 
jected to a “Thermal Test.”’ Specifications for this test shall be 
the same as the specifications for the ‘‘Thermal Test’’ on pin 
insulator shells, except that the word “‘unit’’ shall be substituted 
for the word “‘shell.”’ 


Society of Automotive Engineers on 
Storage Batteries 


Although the recent Storage Battery Division reeommenda- 
tions was approved by the voting members of the S. A. E., criti- 
cisms of the report were submitted by Mr. T. L. Lee and R. G. 
Thompson, both being of the opinion that the sizes adopted are 
too smal! and not in conformity with standards recently adopted 
by the Automotive Electric Association. It is recommended 
that further investigation be made, working toward the adoption 
of the same storage battery standards for both the S. A. E. and 
the A. E. A. 


National Directory to be Ready Soon 


According to announcement received from the Bureau of 
Standards, Department of Commerce, a new directory of com- 
modity specifications is now in the Government Printing Office, 
and it is expected that it will be ready for distribution very 
shortly. It is to be followed by an Encyclopedia of Specifica- 
tions, giving loose pamphlet copies of important specifications, 
especially those which are not readily obtainable elsewhere. 
6000 commodities will be included, in a volume of approximately 
600 pages, purchasable at a price of about $2.00. 
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Fellowship With Engineering Council of 
Utah 


The Engineering Council of Utah, with headquarters at 
Salt Lake City, has completed arrangements whereby regularly 
organized luncheon gatherings will be held every Monday at 
the Salt Lake Chamber of Commerce, at 12:15 p.m. The Council 
extend a cordials invitation to all visiting engineers to attend 
these luncheons, and would greatly appreciate notice of such 
expected visits in advance if possible. Notification may be 
sent to any local engineer, to Mr. H. W. Clarke, President of the 
University of Utah, and Chairman of the Utah Section of the 
Institute, or to Mr. John Solberg, Secretary, in care of the 
Interurban Station. 


Changes in Electrical Safety Code 


Changes to be incorporated in the new edition of the National 
Electric Safety Code, as approved at a meeting of the Sectional 
Committee dealing with the code, held at the Bureau of Stand- 
ards March 5-6, 1925, will include rules for the construction of 
radio antennas, the prohibition of grounded returns on power 
circuits in cities and changes in the loading map. It is one of 
the provisions of the American Engineering Standard Committee, 
under whose jurisdiction this Code comes, that it shall be re- 
vised periodically every few years, in order that it shall embody 
the most modern practises. 

A working table for stresses in steel structural supports has 
also been established. 
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American Engineering Standards Committee 
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S AA MU UIUMMAITAITHUMIMIMMIMETHREHHIMMMEREMAANNNTURNANAETEAENEATEHUN Non 
AN ECONOMIC BASIS FOR SIZES 


A system by which basic sizes, or “preferred numbers’’ of 
commodities may be established is being investigated and 
developed by a special committee recently appointed by the 
A.E.S. CGC. It will be the work of this Committee to study the 
possibilities of size-series, enlisting the interest of the engineers 
of industrial Europe, particularly in the mechanical and electrical 
engineering fields, toward an able completion of this undertaking. 
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UNCLE SAM’S BIGGEST MAP 6000 SHEETS 

After forty-five years of intermittent effort, the work on this 
map is being rushed to completion and in less than a generation, 
the United States will have completed atlas of its entire terri- 
tory. Honorable James Hartness declares that the passing of 
the Temple Bill by President Coolidge is of enormous social 
and industrial significance to the nation, since it greatly facili- 
tates and accelerates the work of the U. S. Geological Survey and 
the precise triangulation and leveling of the U. S. Coast and 
Geodetic Survey, the organizations who are doing this work. 

The map will cost $50,000,000, and will show not only every 
railroad, bridge, house, etc., but every natural feature as well. 
It is the result of an exact physical survey of every square mile, 
_indeed every acre,—of the area to be mapped. 
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Cuester J. Harnes has accepted a position in the engineering 
department of the Edison Company at Easton, Pa. 

Sytvan Harris has removed from Philadelphia to join the 
Radio News, Experimenter Publishing Co., Inc., New York 


City. 
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Cart H. Hermance is now with the California State Railroad 


Commission as Assistant Engineer, with offices at San Francisco, 
California. 


Auten McLman, previously with the American Telephone and 
Telegraph Company at Philadelphia, has joined the Sleeper 
Radio Corporation, Long Island City, New York. 


W. O. Pownrs, who was previously with the Thos. K. Murray, 
Inc., has entered the Engineering Department of the Postal 
Telegraph-Cable Company, New York City. 

Waxrer H. Samnrts has recently transferred his activities from 
C. H. Tenney and Company, Boston, to the Consumers Power 
Company, Jackson, Michigan. 

E. W. Trarrorp has left the Department of Public Utilities, 
Richmond, Va., and has established his own offices there as con- 
sulting engineer. 


E. H. Rypen, formerly electrical engineer for the Western 
Electric Company is now with the Electrical Wngineering 
Department of the Utica Gas and Electric Company, Utica, 
New York. 

Putuie C. Banas, who has been doing electrical and radio 
engineering work for some time past at Atlanta, Ga., has identi- 
fied himself with Messrs. Warren Webster & Company, 
Spartanburg, 8. C., where he will be located. 


Wru1aM BE. Hooper has made new affiliations with the C. B. 
Roberts Engineering Company, Bethlehem, Pa., having severed 
his connections with the Bangor Railway and Electric Company 
Bangor, Maine. 

J. Anruur Ramsay, Electrical foreman for the New Cornelia 
Copper Company, Casa Grande, Arizona, has made new con- 
nections with the Superior and Boston Copper Company, Copper 
Hill, Arizona. 

Wiuiam C. Rupp, Consulting Engineer at Cincinnati, Ohio, 
has accepted an appointment as Assistant Engineer in the Power 
Department of Water Supply for the City of Detroit, in which 
city he will now be located. 

CG. A. Parrmrson, who has been at Guanajuato, Gto, Mexico, 
with the Central Mexico Light and Power Company for the past 
year or more, has returned to the United States to relocate with 
the Alabama Power Company, Birmingham, Alabama. 

A. L. Van EmpeEn recently severed his connections with the 
Engineering Department of the Boston Elevated Railway to 
establih new affiliations with the East Pittsburgh works of the 
Westinghouse Electric and Mfe. Company, as a Railway Contro 
engineer. 1 

W. W. Simons has resigned from the service of the Telephone 
Supply Sales Department of. the Western Electric Company and 
has taken up new activities in the Engineering Department of 
the David Grimes Radio & Cameo Record Corporation, Jersey 
City, N. J. 


G. E. Sanperson, who, for the past few years, has been Sales 
Engineer for the Westinghouse Electric & Manufacturing Com- 
pany, Syracuse, N. Y., has been made District Manager for the 
Wagner Electric Corporation, his special district covering north- 
ern, central and western New York. 


A. G. Pautsen has been transferred to Caracas, Venezuela, 
from Merida, Yucatan, where, for the past six years, he has 
served first in the capacity of Chief Engineer and, since 1920, as 
General Manager of the Compania de Electricidad de Merida. 
He is now with the Venezuela Electric Light Company, td, 
which is also a subsidiary of the International Light & Power 
Company, Ltd., of Toronto, Canada. 


Lewis M. Criement, for the past nine years in charge of the 
radio receiver and special development work for the Western 
Electric Company and now of the new Bell Telephone Labora- 
tories, Inc., has joined the Engineering Staff of the HeneAwD): 
Andrea, Inc., New York City. Since his graduation from the 
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University of California in 1914, Mr. Clement’s experience in the 
electrical field has been varied and noteworthy. 

Raupex H. Tarscorr, who for six years has been Assistant 

_ .Chief Electrical Engineer of the New York Edison Company, has 

been made Electrical Engineer there. For seven years after 
graduation from Union College, Mr. Tapscott was with the 
General Electric Company of Schenectady in their Lighting 
Engineering Department, following one year in the Testing 
Department. He isa member of the N. HE. L. A. as well as of the 
Institute, and has many times served officially on Committees of 
both organizations. : 

W. Newson Smrru, Consulting Electrical Engineer of th 
Winnipeg Electric Company, has returned to Winnipeg after a 
year’s leave of absence spent in Vancouver, B. C., where he 
assisted the Sydney E. Junkins Company, B: C., Ltd., in preparing 
a report on the electrification of the mountain district of the 
Canadian Pacific Railway. Mr. Smith’s experience in steam 
railway electrification reaches back over a period of more than 
twenty years. He is now engaged in the valuation of an 
extensive light and power distribution system for the Winnipeg 
Electric Company. 


Obituary 

Hervy F. Mrrenet, while working on a switchboard in the 
O Street substation, Fresno, California, came in contact with a 
high voltage switch causing an are that shocked and burned him 
causing death. Born in Pasadena, November 2, 1896, Mr. 
Mitchell’s early education, after high school, was a year in Junior 
College followed by a year in the California Institute of Technol- 
ogy. He began work with the San Joaquin Power Company 
while a boy of fifteen, subsequently taking a course in electricity 
at Throop Polytechnic School. From Los Angeles, in 1918, he 
enlisted in the seventh provisional company, Ordinance Corps, as 
an electrician. Serving at Camp Hancock, Ga., on January 18, 
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1919, he was given honorable discharge and returned to the 
San Joaquin Valley and the San Joaquin Power, by whom he was 
considered one of the most promising young men in the or- 
ganization. Mr. Mitchell joined the Institute, August 2, 1923. 

Gorpon Cameron, after an extended illness of eleven months, 
died at the Good Samaritan Hospital, Los Angeles, March 10th, 
1925. Mr.Cameron was born at Hamilton, Canada, October Ist, 
1884. His education was through the Ontario Grade and High 
Schools and the Collegiate Institute of Hamilton. In 1912 he 
was graduated, with the degree of B. Sc. in Electrical Engineering 
from the Queen’s University, Kingston, Ont., prior to that time 
having spent one summer in the Test Dept. of the Canadian 
Westinghouse Co. and in service as inspector on High Tension 
Line Construction for the Hydro Electric Power Commission of 
Ontario. He was with the Canadian Westinghouse Company 
from 1912 to 1915, as engineer and designer of Switching Equip- 
ment; in 1915-16 he taught in the Hamilton Technical School, 
but in 1916 returned to the commercial field as engineer of the 
Oil Cireuit Division of the Condit Electrie Mfg. Co., South 
Boston, Mass. During the World War, Mr. Cameron served as 
Chief Electrical Engineer in the Quartermaster Corps, War 
Dept., Washington, D. C., from which service he joined the 
Western Machinery Company, Los Angeles, in 1923, remaining 
with them up to the time of his death. 5 

WitutamM Wa.trpr Brapripyup, Manager of the Marconi 
Wireless Telegraph Company, died in London, March 18th, 
1925. Born in London, 1879, Mr. Bradfield graduated from a 
finishing Technical College in 1896 and immediately commenced 
his work with the Marconi Company, working as assistant to 
William Marconi in the early days of commercial radio work. 
He was one of those to take active part in the first installations of 
wireless apparatus on board British and American battleships. 
At the time of his death, Mr. Bradfield was Director and Joint 
Manager of the Marconi’s Wireless Telegraph Co., Ltd., Marconi 
House, London. 
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_ The library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 


Itts administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 


most of the important periodicals in its field. It is housed in the Engineering Societies Building, 29 West Thirty- 


ninth St., New York. 


In order to place the resources of the Library at the disposal of those wnable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, is charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 


those interested. 
understand clearly what is desired. 


In asking for information, letters should be made as definite as possible, so that the investigator may 


The library ts open from 9 a, m, to 10 pm. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a.m. to 5 p.m. 


BOOK NOTICES (MARCH 1-31 1925) 


ALTERNATING CURRENT RECTIFICATION 


By L. B. W. Jolley. N. Y., John Wiley & Sons, 1924. 352 
pp., illus., diagrs., tables, 9x 6 in., cloth. $5.00. 

The use of unidirectional currents has a very large application 
both in the supply of power and in the laboratory, and it is the 
purpose of this book to describe the methods available for their 
production, and to present the mathematical analvsis with 
numerous examples where possible. The author covers a wide 
field, comprising voltages from one hundred thousand volts 
down to a fraction of a volt, and includes consideration of many 
methods of rectification. Numerous bibliographies are included. 
ANNUAIRE Pour L’An 1925. 


By France. 
et Cie., 1925. 


Bureau des Longitudes. Paris, Gauthier-Villars 
[884] pp., tables, 6x 4in., paper. 6 fr. .50. 


In addition to the customary data respecting the calendar 
geodesy, astronomy, weights and measures, geography, popula- 
tion, ete., this almanac for 1925 contains a paper on the influence 
of the rotation of the earth on the physiognomy of the tides, by 
EK. Fichot, and one on the applications of the three-electrode 
vacuum tube to astronomy, by G. Ferrié. 

Carpurants Natronaux, Exposition de Buc-Congrés; Compte 
Rendu des Travaux du Comité Central de Culture Méca- 
nique en 1924. Paris, Chaleur et Industrie. 264 pp., 9x6 
in., paper. 15 fr. 


As a supplement to its December, 1924 issue, ‘Chaleur et 
Industrie” publishes the proceedings of the Congrés des Carbur- 
ants held in Paris, in October 1924, under the auspices of the 
Ministry of Agriculture. The specific problem that occupied 
the attention of the Congress was the transformation of mineral 
and vegetable substances of French origin into fuels for internal 
combustion engines. 
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Among the subjects discussed were the Berthelot process of 
hydrogenation, the Bergius process of liquid fuel production; 
the manufacture of synthetic petroleum from vegetable and 
animal oils, the theory underlying synthetic motor fuels, the 
alcohol engine, the production of motor fuel by the carboniza- 
tion of solid fuels, the use of vegetable oils, producer-gas trucks 
and farm tractors, colloidal fuels and the use of power in farming. 


CHART SHOWING THE CHEMICAL RELATIONSHIPS IN THE MINERAL 
KInGpom. 


By Palmer Cosslett Putnam. N. Y., John Wiley & Sons, 1925. 
31 pp., chart, 10x 7in., fabrikoid. $3.00. 


‘The author has tabulated the chemical constituents of all 
minerals described in literature before July, 1924—some 1611 
in all—in such a manner as to make clear the chemical rela- 
tionships that exist. The chart answers quickly such practical 
questions as ‘‘How many and what are the minerals that contain 
germanium, and what are their compositions?”’; or ‘‘Does silver 
occur with oxygen in any mineral?’’; or “Do phosphides or sili- 
cides occur as minerals?”’ It also will serve as an aid in de- 
terminative mineralogy, especially in the case of rare minerals, 
where the small amount of the unknown materials precludes the 
possibility of many tests. 

CHARTS AND GRAPHS. 

By Karl G. Karsten. N. Y., Prentice-Hall, Inc., 1923. 
pp., illus., diagrs., charts, 9 x 6 in., fabrikoid. $6.00. 

A comprehensive text on the theory and use of charts of all 


kinds, with instructions for making them. The author adopts a 
theory of the evolution of charts, in accordance with which all 
forms fall into line with simple origins and clear channels of 
growth, and his text follows this evolution, proceeding from 
simple, non-mathematical forms to complicated ones. The 
proper uses of each form and the purposes to which it is suited 
are discussed thoroughly. 
CHEMISTRY IN THE SERVICE OF Man. 
By Alexander Findlay, 3rd edition. 
mans, Green & Co., 1925. 
$2.00. 


Intended to give readers without chemical knowledge, a 
readable, intelligible account of some of the more important 
general principles and theories of chemical science and of their 
applications. The author hopes that it may give the general 
reader some idea of his indebtedness to the chemist and also 
stimulate the interest of young students of chemistry. 

Three new chapters have been added to this edition, and 
various portions revised and rewritten. 

CRYSTALS AND THE FINE-STRUCTURE OF MATTER. 

By Friedrich Rinne. N.Y., E. P. Dutton & Co.,n. d. 195 pp.» 
diagrs., plates, ports., 9 x 6 in., cloth. $4.20. 

In 1921 Dr. Rinne published a book which considered experi- 
meénts on the fine-structure of matter from a new and essentially 
erystallographie point of view. The interest shown in this 
publication led to the preparation of the present greatly enlarged 
edition. 

The author has endeavored to deduce the main characteristics 
of the fine-structural constitution of matter from the properties 
of crystals and to present his ideas in a form which will not only 
be informing to fellow-students but will also be comprehensible 
to general readers. 


ExecrricaL Measurine INstRuMENTS, Ppt. 2; Induction In- 
struments, Supply Meters and Auxiliary Apparatus. 

By C. V. Drysdale and A. C. Jolley. Lond., Ernest Benn, 
Ltd., 1924. 475 pp., illus., diagrs., tables, 10 x 7 in., cloth. 55s. 

Like the previous volume of this work, this book is written 
with the needs of the designer and constructor of instruments 
in mind and is intended to do for him what books on dynamo 
design do for the electrical engineer. It also supplies detailed 
information on the construction and performance of the various 
types of instruments whichis wanted by users. | 

Volume two treats of supply meters, induction meters, fre- 
quency meters, phase meters, devices for extending the range of 
a-c. instruments, electrical devices for mechanical testing 
(tachometers, brakes and dynamometers), and some special 
indicating instruments. There Is a chapter on test-room 
equipment. The book deals primarily with instruments for 
commercial use. 


724 


Lond. & N. Y., Long- 
300 pp., illus., ports., 8 x5 in., cloth. 


ELecrrouytic RECTIFIER. 
By N. A. de Bruyne. Lond. & N. Y., Isaac Pitman & Sons, 
1924. 75pp.,illus., diagrs., 7 x 5in., cloth. $1.00. 


This little book, which the author states to be the first on the 
electrolytic rectifier, is intended especially for amateurs. The 
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characteristics of these rectifiers are described, the theory ex- 
plained and the principal uses noted. Directions are given for 
making a simple rectifier which can be used to charge the ac- 
cumulators of radio receiving sets. 


ELEKTROCHEMIE Mate whens; v. 1; Allgemeine Elektrochemie. 
-By Heinrich Danneel. Ber. u. Lpz., Walter de Gruyter & Co., 
1924. 173 pp., diagrs.,6x4in., cloth. 1.25 rm. 


The first of two small volumes planned to present, with the 
greatest conciseness, the elements of electrochemistry. This 
volume treats of the fundamental physical and chemical phenom- 
ena, discussing such basic topics as work, chemical mechanies, 
the theories of dissociation and solution conductivity, electro- 
motive force, polarization, electrolysis and electrons. 


ELEMENTS Or COLLOIDAL CHEMISTRY. 
By Herbert Freundlich. N. Y., E. P. Dutton & Co., [1924]. 
210 pp., diagrs., 8 x 5in., cloth. $3.00. 


A strictly non-mathematical introduction to the subject of 
colloids, intended for students of medicine and technical chem- 
istry. It deals fully with fundamental principles, including 
capillary chemistry, the rate of phase formation and the Brown- 
ae roman and also discusses sols, gels, mists, smokes, 
oams, ete. 


EXAMPLES IN Barrnry ENGINEERING. 
By F. E. Austin. Hanover, N. H., The author, 1917. 
illus., diagrs.,8 x 5in., cloth. $1.25. 


_ This textbook considers those matters that are important 
in the efficient operation of electric cells and batteries of all 
types. The fundamental principles are set forth and their 
application illustrated by examples which are solved in detail. 


FuNFUNDZWANZIG JAHRE ZEPPELIN-LUFTSCHIFFBAU. 

By .L. Durr. Berlin, V. D.I. Verlag, 1925. 83 pp., illus., 
diagrs.,12x9in., paper. 8g. m. 

The completion of the ‘‘Los Angeles’? marked the end of 
twenty-five years activity for Zeppelin factory, an occasion that 
the company has commemorated by the present volume. The 
book contains a detailed description of the ‘‘Los Angeles” and 
also interesting accounts of the progressive changes in the de- 
sign of the Zeppelin and. of its structural parts which have oc- 
curred during these twenty-five years. These have much 
historic interest as a record of the way in which a practicable 
airship has been evolved. 


90 pp., 


Intuminatine ENGINEERING; Prepared by a Staff of Specialists. 

Edited by Francis E. Cady and Henry B. Dates. INGE YG. 
John Wiley & Sons, 1925. 486 pp., illus., diagrs., plates, tables, 
9x6in., cloth. $5.00. 

This textbook is an outgrowth of a course in the subject 
which has been given for six years at the Case School of Applied 
Science by a number of specialists in various branches of illu- 
mination, most of whom are connected with the National Lamp 
Works of the General Electric Company or the Nela Research 
Laboratory. The work is suited to use as a textbook and as a 
brief, comprehensive survey of the subject. 


Inpuction Corts, IN THEORY AND PRACTISE. 

By F. E. Austin. [Hanover, N. H., The author, 1919]. 64 pp., 
illus., diagrs., 9 x 5 in., cloth. $1.00. 

A concise exposition of the fundamental principles of the 
induction coil, which will equip the student with the knowledge 
required for building coils to meet specified requirements. 
Data and specifications are given for coils giving ten, six and 
three inch sparks. 


MANUFACTURE OF PULP AND PaPER, V. 5. 


By Joint Executive Committee of Vocational Education 
Committees of the Pulp and Paper Industry of the United States 
and Canada. N. Y., McGraw-Hill Book Co., 1925, various 
paging, illus., diagrs., plates, 9 x 6 in., cloth. $5.00. 

This volume completes the textbook on pulp and paper 
manufacture prepared with the support of the pulp and paper 
manufacturers of North America. The work covers the entire 
field, including the necessary elementary knowledge of mathe- 
matics and natural sciences, and is intended for self-instruction 
as well as for-class use. Much of the information has not been 
easily accessible hitherto. ; } 

The present volume deals with paper-making machines, 
hand-made papers, tub sizing, paper finishing, coated papers 
and the testing of papers. A bibliography on testing 1S ap- 
pended to the last subject. . There is also a selection on general 
mill equipment, pumps, electrical machinery, ventilation, 
lubrication and water. 


434 


Les Notions FonpAamMENTALES D’HLEMENT CHIMIQUE ET 
D’AToME. 

By Georges Urbain. Paris, Gauthier-Villars, 1925. (Science 
et Civilisation.) 172 pp., diagrs., tables, 8 x 6 in., paper. 10 fr. 

This book is an attempt to give a general account of our 
present knowledge of the constitution of matter. The idea of 
the element, radioactive elements, the constituents of the atom 
and its constitution, the relation between the structure of the 
atom and its properties, and isotopes are the subjects successively 
treated. narait 

The work, like the others in this series, is intended for readers 
with general interest in the subject rather than for specialists. 
ORIGIN OF CONTINENTS AND OCEANS. 

By Alfred Wegener. Trans. fr. the 3rd Ger. ed. by J. G. A. 
Skerl. N. Y., E. P. Dutton & Co., [1924]. 212 pp., illus., maps, 
9x6in., cloth. $4.50. 

A presentation in English of the author’s “displacement 
theory” of the origin of continents and oceans. Professor 
Wegener’s hypothesis is that the continents are of lighter material 
and float like icebergs on a heavier plastic, that the poles are not 
fixed relative to the plastic, but have occupied widely different 
positions, and that the land masses are moving away from the 
poles and westwards. This movement has caused the separation 
of the continents. The book is devoted to the detailed estab- 
lishment of this thesis. 

A Porutar History or AMBRICAN INVENTION. 

By Waldemar Kaempffert. N. Y., Charles Schribner’s Sons, 

1924. 2v., illus., ports., 10 x 7 in., cloth. $10.00. 


The two attractive volumes that compose this work give the 
story of the invention and evolution of a number of important 
factors in our life. The development of our means of transporta- 
tion, by railroad, electric railroad, canal and river, automobile 
and aircraft, is described. The evolution of modern printing 
and typesetting machinery, the typewriter, telegraph, telephone 
and radio apparatus, as well as of photography, the moving pic- 
ture and the phonograph, is set forth. Another section deals 
with the steam engine and the generation of electricity, and a 
fourth with the growth of the industries—mining, lumbering and 
farmine—that are concerned with the utilization of our material 
resources. The final section treats of automatic machine tools, 
pneumatic machines and the machinery used in the clothing and 
shoe industries. 

The story is told in a very readable manner and well illustrated. 
Much attention is given to the inventors of the important ma- 
chines in each group. 


PRINCIPLES OF TRANSMISSION IN TELEPHONY. 

By M. P. Weinbach. N. Y., Macmillan Co., 1924. (Kngineer- 
ing Science Series.) 303 pp., diagrs., tables, 9 x 6 in., cloth. 
$4.00. 


Intended to give to students of telephone engineering a 
rigorous mathematical analysis of the problems that arise in 
modern telephone practise. While the fundamental ideas in- 
volved in electrical transmission are the same in telephony 
and heavy power transmission, the detailed development of the 
theory differs greatly, owing to the differences in frequency, 
variation of frequency, energy values and length of line; and 
it is to the careful study of the effect of these differences that this 
book is devoted. 


PROFITABLE SCIENCE IN INDUSTRY. 

By Dwight T. Farnham and others. N. Y., Macmillan Co., 
1925. 291 pp., illus.,8 x 5 in., cloth. $3.50. 

A book for business men, which calls attention to the results 
that have been achieved in various industries by active research 
work, by authors who are well known research workers in various 
fields, Attention is called to what has been done, to the oppor- 
tunities that exist and to the organizations now actively engaged 
in such work. The book is readable and suggestive. 

RaILRoAD ACCOUNTS AND STATISTICS. 

By Charles E. Wermuth. N. Y., Prentice-Hall, Inc., 1924 
349 pp., charts, 9 x 6 in., fabrikoid. $4.00. 

According to the preface, this book aims to provide, in con- 
densed form, a practical outline of present-day railroad account- 
ing details and a description of their assembling to a completed 
financial statement, and also the theory and mathematics under- 
lying the preparation of comparative statistics, with illustrations. 
The book is intended for railroad executives and students of 
railroad finance and accounting. 

Recovery oF GASOLINE FROM NATURAL Gas. 
By George A. Burrell. N. Y., Chemical Catalog Co., 1925. 
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Journal A. I. E. E. 


(American Chemical Society. Monograph series.) 600 pp- 


illus., diagrs., tables, 9x 6in., cloth. $7.00. aie 

Beginning with a history of the industry from its inception, 
this book then treats of the occurrence and chemistry of natural 
gas and the methods of testing it for gasoline. _The various 
processes for recovering gasoline are then explained and the 
construction and operation of the various types of plants are 
discussed in detail. Attention is given to depletion and also to 
motor fuels in general. The tables used in the industry are - 
included. Dr. Burrell’s comprehensive volume will fill a decided 
need. : ; 

SAMMLUNG HLEKTROCHEMISCHER RECHENAUFGABEN. 

By Gustay F. Huttig. Ber. & Lpz., Walter de Gruyter & Co., 
1924. 102 pp., tables,6x4in., cloth. 1.25 gm. 

A collection of the important conceptions, units and equations 
used by electrochemists, accompanied by problems which 
illustrate their use. Complete solutions of these problems are 
given. The book will be useful to students and also, as a con- 
venient reference work, to electrochemists. 

Supiecr List oF THE PERIODICALS IN THE PATENT OFFICE 


LIBRARY. 

By Great Britain Patent Office Library. Lond., 
Office, 1924. 282 pp.,7x4in., paper. 2s. 

A eatalog of the journals, transactions of societies, yearbooks, 
reports of permanent congresses and state and municipal depart- 
ments, which are in the Library of the British Patent Office. 
The titles are classified under many subject headings, so that it 
is easy to find what periodicals are available in any given field of 
industry or science. Because of this arrangement. the list is 
also a useful guide for those who have access only to other 
libraries. 

Timp M®ASUREMENT. 

By L. Bolton. N. Y., D. Van Nostrand Co., 1924. 
illus., diagrs.,8 x 5in., cloth. $2.00. 

A brief account of the rudiments of the measurement of time, 
in which are described the more prominent natural phenomena 
suitable for this purpose and the machines constructed for it. 
A good introduction to the subject for those who wish to know 
how clocks, watches and electric clocks are made. 
UNTERSUCHUNGEN UBER DIE GAS-UND OL-GLEICHDRUCK- 

TURBINE. 

By Wilhelm Gentsch. Halle (Saale), Wilhelm Knapp, 1924. 
123 pp., tables, 10 x 7 in., paper. 5,20 m. 

This work is a report, in detail, of an investigation of the 
Semmler gas turbine process which was made in 1904 and 1905 
under the auspices of four leading German engine builders. 
In the Semmler process, the gas is burnt at constant pressure, 
the products of combusion are first used to heat a boiler and 
later when cooled to a workable temperature, used to drive a 
turbine. ' 

The book is a weleome addition to the scanty literature on 
continuous combustion gas turbines, as it gives an account of 
practical investigations and the conclusion drawn from them. 


Patent 


166 pp., 


Addresses Wanted 


A list of names of members whose mail has been returned by 
the Postal Authorities is given below, together with the addresses 
as they now appear on the Institute records. Any member 
knowing the present address of any of these members is requested 
to communicate with the Secretary at 33 West 39th St., New 
Waoraltes ING, Wee ; 

All members are urged to notify the Institute headquarters 
promptly of any change in mailing or business address, thus 
relieving the member of needless annoyance and also assuring the 
prompt delivery of Institute mail, the accuracy of our mailing 
records, and the elimination of unnecessary expense for postage 
and clerical work. 

1.—H. T. Benderoth, 834 Golden Ave., Baryman Apt., Los 
Angeles, Calf. 

2.—Clyde E. Bently, 2815 Kelsey St., Berkeley, Calif. 

3.—Cyril St. C. Boland, 41 N. Jackson St., Atlanta, Ga. 

4.—Kdward F. Bradley, c/o So. Calif. Edison Co., Camp 62 
Big Creek, Calif. 

5.—W. T. Chappell, 3708 5th Ave., Pittsburgh, Pa. 

6.—J. E. Contesti, 368 West 117th St., New Wooing, ING YE 


‘Radio Interference, by Professor A. M. Wilson. 


April 1925 


7.—G. De La Rochette, ¢/o Westinghouse Elec. Int’l. Co., 
2 Norfolk Strand, London W. C. 2, England. 

8.—Thos. H. Endicott, 80 E. Jackson Blvd., Rm. 554, Chicago, 
Tilinois. 

9.—P. G. Fossatti, 3426 S. Michigan Blvd., Chicago, Il. 


10.—Harry N. Gilbert, 379 Cottage Ave., Glen Ellyn, II. 


11.—William J. Gough, Box 230, Sea Cliff, L. I., N. Y. 

12.—Harry A. Gould, So. Calif. Edison Co., 1201 W. 2nd St., 
Engg. Dept., Los Angeles, Calif. 

13.—F. Leon Grajales, 710 No. Medina St., San Antonio, 

Texas. 

14.—Thomas L. Henritze, P. O. Box 27, Pikeville, Ky. 

15.—G. Hizawa, Mitsubiki Shoji Kaisha, 51 Chome Urakucho, 
Tokyo, Japan. 
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16.—William B. Hoey, High Tension Supplies Co., Wilmington, 
Del. 


-17.—¥F. M. Kenney, 611 North Lime St., Lancaster, Pa. 


18.—H. D. Lamberton, 276 Keith Road Hast, N. Vancouver, 
B. C., Can. 4 

19.—I. J. Larson, 71 Roseville Ave., Newark, N. J. 

20.—W. L. MeGeehan, ¢/o Ohio Power Co., Philo, Ohio. 

21.—Austin W. Moore, 63 W. Parker St., Scranton, Pa. 

22.—Wm. Spiel Norton, 10 Grove St., New York, N. Y. 

23.—David M. Oseroff, 505 12th St., Brooklyn, N. Y. 

24.—H. J. Phillip, 1617 So. Burlington St., Los Angeles, Calif. 

25.—A. Shohan, Lombard, III. 

26.—Gilbert H. Strand, Western States Gas & Electric Co., 
Camp R, Placerville, Calif. 
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Past Section and Branch Meetings 
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SECTION MEETINGS 
Akron 


ss of Corona on Rubber, by F. L. Haushalter, B. F. Goodrich 
“The 
Electrical Giant,’ ‘‘Beyond the Microscope” and ‘Five 


March 


o. Three motion pictures, entitled respectively 


Big Deeds in the Electrical Industry,” were shown. 
6. Attendance 55. 
Atlanta 

Developmenis in Long-Distance Radio Telephony, by A. A. 
Oswald, Bell Telephone Laboratories. 
slides, and 

Radio Reception, by H. E. Bussey, General Electric Co. 
ary 30. Attendance 93. 


Boston 


Railroad Electrification, by A. H. Armstrong, General Electric 


Co. Illustrated by slides. February 19. Attendance 75. 


Cincinnati 


February 12. Attendance 68. 
Cleveland 


shown. 


Inspection trip to Lake Shore Station of the Cleveland Electric 


Illuminating Co. January 22. Attendance 199. 


Radio Broadcasting and Commercial Signaling, by E. i. We 
Alexanderson. 


February 12. Attendance 85. 
Columbus 


tion of America. 


New Self-Excited Synchronous Induction Motors with Constant 


Synchronizing Torque, by Val A. Fynn. Illustrated. The 
speaker also gave an interesting talk, with slides, of his 
experiences in mountain climbing. February 27. At- 
tendance 52. 


Connecticut 


Electrification of Railroads, by A. H. Armstrong, General Elec- 


trie Company. February 20. Attendance 15. 


Denver 
The Oscillograph and Its Applications, by H. M. Richardson. 
Illustrated by slides and blackboard sketches. February 
20. Attendance 60. 
Detroit-Ann Arbor 
Inductive Coordination, by W. V. Lovell, National Electrie Light 


Association, and D. H. Keyes, American Telephone and 
Telegraph Company. February 17. Attendance 75. 


Erie 
The Manufacture of Railway Motors, by Don F. Smith, General 
Electric Co. Illustrated with slides. 
tendance 210. 
Fort Wayne 


Annual Dance. January 22. Attendance 80. 


Automatic Stations and Their Remote Supervision, by Chester 
Illustrated by moving 


Lichtenberg, General Electrie Co. ; 
pictures and slides. February 19. Attendance 65. 


Tilustrated with 


Janu- 


Slides were 


Slides were used to describe the American 
station of the trans-Atlantic system of the Radio Corpora- 


February 17. At- 


Indianapolis-Lafayette 
City Distribution of Electrical Energy, by E. C. Ralston, Indian- 
apolis Light and Heat Co. February 27. Attendance 45. 
Ithaca 


Mechanical Telephone Systems for Large Cities, by E. H. Gold- 
smith. January 16. Attendance 100. 


A New Type of High-Tension Insulator, by Professor H. B. 
Smith. February 27. Attendance 120. 
Los Angeles 
The Electrical Industry—Past, Present and Future, by Robert 


Davis, Electrical World, Iustrated by slides. 
February 10. Attendance 97. 
Madison 


Static and Some Methods of Elimination, by Professor Terry, 
University of Wisconsin, and 

Some of Milwaukee‘s City-Planning Problems, by Mr. Schuchardt, 
Milwaukee. February 20. Attendance 200. on 

Mexico 

Business Meeting. September 4. Attendance 26. 

Signalling and Switching, by Mr. Skarbovik. October 2. 
Attendance 9. 

Power-Factor Correction, 
Attendance 17. 

Three films, entitled respectively ‘‘La Consolidada,” “Thomas 
Alva Edison” and “Club de Los Afligidos,’”’ were shown. 
December 4. Attendance 41. 

The Electric Locomotive, by Mr. Ramirez, and 

The Electrification of the Mexican Railway, by Mr. Hawkins. 
A film, entitled ‘‘Queen of the Rails’ was shown. January 
8. Attendance 32. 

A film, entitled ‘“White Coal,’’ was shown. 
tendance 32. 


by Mr. Ramirez. November 6. 


February 5. At- 


Milwaukee : 
The Flow of Liquids in Pipes, by Professor Chas. I. Corp, Uni- 
versity of Wisconsin. February 18. Attendance 100. 
Sewage Disposal and Water Diversion through the Chicago Drain- 

Canal—Speakers: Messrs. T. C. Hatton, Chief Engineer, 
Sewerage Commission, H. L. Ekern, Attorney General of 
Wisconsin, W. F. Ardren, Milwaukee Western Fuel Com- 
pany and Wm. G. Bruce, President of the Great Lakes 

Harbor Association. March 6. Attendance 400. 


Minnesota 
Testing of Hydroelectric Equipment, by G. L. Laughland, H. M. 
Byllesby Engineering and Management Corporation. A 
film illustrating the manufacture of storage batteries was 
shown. January 26. Attendance 46. 
New York 
The Engineer as a Railroad Executive, by Julius Kruttschmitt, 
Chairman, Southern Pacific System, and 
The Engineer as an Executive, by Samuel M. Vauclain, President, 
Baldwin Locomotive Works. A joint meeting of the New 
York Sections of the A. I. E. E., A. 8S. M. E., A. 8S. C. E., 
A. I. M. E. and the New York Electrical Society, March 
18, 1925. Attendance 925 
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Philadelphia 


Transmission, the Key to an Empire, by Ross B. Mateer, Phila- 


delphia Electric Co., and 
The Deleware River, a Challenge to the Conservationists, by P. P. 


Wells, Deputy Attorney General, Commonwealth of 
Pennsylvania. February 18. Attendance 156. 


Pittsburgh 
Motor Maintenance, by F. R. Phillips, Pittsburgh Railways 
Company. The speaker called particular attention to the 
decrease in maintenance cost and the improvement in 
service resulting from adequate inspection. Refreshments 
were served. February 10. Attendance 375. 


Pittsfield 
The Art of Paper Making, by R. H. Rogers, General Electric Co. 
The speaker dealt particularly with the wood-pulp industry 
in its bearing on paper making. February 17. Attendance 
22d: 


Lightning Arresters: What They Do and How They Do It, by 
Karl B. MecEachron, General Electric Co. March 3. 
Attendance 125. 


Portland 


Standard Government and Control of Automobile Headlights, by 
Frank Pim. Refreshments were served. February 11. 
Attendance 50. 


Providence 
Effect of Furnace Mixtures on the Scaling of Steel, by Forest 
anker, Surface Combustion Co. Illustrated. February 
25. Attendance 100. 
General Aspects of the Machine Switching, by H. C. Baker, 
Providence Telephone Co. March 10. Attendance 50. 


Rochester 


An illustrated talk was given by Professor H. B. Smith on his 
travels in India. January 30. Attendance 17. 


Schenectady 
Testing Impregnated-Paper Insulated Lead-Covered Cables, by 
E.S. Lee. January 23. Attendance 200. 


In the Lands of Mohammed, by Professor Harold B. Smith. 
Illustrated. February 13. Attendance 570. 


Seattle 


The Economies of Transmission-Line Design, by Professor E. A. 
Loew, University of Washington. January 21. At- 
tendance 68. 


Springfield 
The Magnetic and Electric Survey of the Oceans on the Non- 
Magnetic Yacht ‘‘Carnegie,” by Captain J. P. Ault, Carnegie 
Institute. Illustrated with slides and motion pictures. 
February 9. Attendance 159. 


Syracuse 
Street Lighting, a Municipal Problem, by Professor R. D. Whit- 
ney. February 9. Attendance 23. 
Travels in the Lands of Mohammed, by Professor H. B. Smith. 
February 26. Attendance 16. 
Toledo 
' Putting the Gyro to Work to Make a True North Compass, or to 
Prevent Rolling of Ships, by R. B. Lea, Sperry Gyroscope 
Co. Illustrated. February 18. Attendance 96. 
Toronto 
Transmission-Line Relay Practise with Operating Experiences, 
by D. A. McKenzie. February 13. Attendance 113. 
Tests on 54,000-Kv-a. Generators at Queenston Generating 
Station of the Hydro- Electric Power Commission, by B. L. 
Barns, Canadian General Electrie Co. February 27. 
Attendance 65. 
Urbana 


The Electricity Supply Industry and the Engineer, by R. F. 
Schuchardt. February 27. Attendance 90. 


Utah 


The Profession of Engineering, Its Antiquity and Obligation, 
by Dr. Wm. F. Durand, President, A. S. M. EB. February 
18. Attendance 117. ; 


Washington 


Automatic Substations and Their Remote Supervision, by Chester 
Lichtenberg. Illustrated by lantern slides and motion 
pictures. February 10. Attendance 53. 
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Journal A. I. E. E. 


Worcester 


Automatic Stokers, by F. H. Daniels, Riley-Stoker Corporation. 
February 26. Attendance 35. 


BRANCH MEETINGS 


Alabama Polytechnic Institute 
“‘Panana Canal’’ was the title of the film shown. 
informal talks on the Canal were given. 
Attendance 62. 
Transformers, by Geo. H. Taylor, student. 
slides. February 25. Attendance 51. 
Business meeting. March 4. Attendance 24. 
Inspection trip to the North Auburn Sub-Station of the Alabama 
Power Company; also to an engineering project on the 
Central of Georgia Railway. March 7. Attendance 38. 

Business Relations and the Engineer, by Professor A. T. Thomas. 
March 11. Attendance 36. 


University of Alabama 


A number of 
February 18. 


Tllustrated with 


“The Control of Electric Motors, by F. R. Fishback, Electrie 


Controller & Mfg. Co. February 3. Attendance 39. 


University of Arkansas 
A motion picture, entitled ‘‘Acetylene Welding,’ was shown. 
A lecture accompanied the picture, which gave an explana- 
tion of different processes of welding and brazing, including 
the new bronze weld. February 17. Attendance 32. 
Armour Institute of Technology 
A talk was given by W. E. Dean, student, in which he explained 
the part electricity plays in the preparation of milk for use 
by the public. February 26. Attendance 35. 
Bucknell University 
The Development of the Communication Act, by J. H. Bigelow, 


? 


New York Telephone Co. Illustrated with slides. Feb- 
ruary 16. Attendance 55. 
California Institute of Technology 
A New Type of Single-Phase Motor, by A. E. Schueler. Feb- 


ruary 4. Attendance 25. 


The Past, Present and Future of the Electrical Industry, by 
R. M. Davis, Electrical World. Illustrated with slides. 
February 9. Attendance 40. 

Auiomatic Telephone Equipment, by Carter Austin, student. 
March 4. Attendance 27. 


University of Cincinnati 

The Market Price of an Electrical Engineer, by C. T. Button. 
February 5. Attendance 63. 

Electrical Engineers and Dollars, by R. T. Congleton. 


January 
22. Attendance 52. 


Clarkson College of Technology 
What the American Institute of Electrical Engineers Is, by Mr. 
Criter. Luncheon was served. February 10. Attendance 
The Oscillographer, by Professor Powers. February 24. At- 
tendanee 17. 
Clemson Agricultural College 
Electric Shovels, by J. M. Van de Erve, 


Electric Light Development in America, by B. V. Martin, and 
Automatic Sub-Stations, by R. E. Hall. Mareh5. Attend- 
ance 17. 


University of Colorado 
The Fynn-Weichsel Motor, by Mr. Cartwright. 
shdes. February 18. Attendance 38. 
The Oscillograph and Its Uses, by Henry Richardson, student. 
Mlustrated with slides, demonstrating the use of the oscillo~ 
graph in investigating both transient and recurrent phenom- 
ena. Short talks were also given by Fritz Johnson and 
Lester Simpson, students. A banquet was served before 
the meeting. February 20. Attendance 45. 


Illustrated with 


University of Denver 

The Multiplex Printing System of the Telegraph, by Ray Hoover. 
February 13. Attendance 22. 

Importance of the Telephone, by A. D. Spaulding. <A practical 
telephone switchboard demonstration was given by the 
Mountain States Telephone and Telegraph Co. Motion 
Pictures were shown. Joint meeting with Y. M. C. A, 
March 5. Attendance 200. 


~ April 1925 


Power-Plant Lubrication, by F. R. Schmidt. The speaker 
penned the characteristics of parafine and asphalt base 
oils, an 


Oil Circuit Breakers and Control, by E. E. 
Attendance 18. pes y Weyerts. March 6. 


University of Florida 


Business Meeting. The following officers were elected: Presi- 


dent, Professor J. Weil; Secretary, C. Washburn, Jr. 
January 19. 


Iowa State College 
Business Meeting. January 22. Attendance 7. 
Two moving pictures were shown;—one on the Electrification 


of Railroads and the other on the Manufacture of Mazda 
Lamps. February 25. Attendance 66. 


Lafayette College 


Talk by Professor King on some of the places visited during the 
Midwinter Convention of the Institute. February 14. 
Attendance 16. 


Marquette University 
Power Transmission of the Future, by W. S. Wilder, T. M. E. R. 
& L. Co. The speaker pointed out how the transmission 
of direct current was dependent upon the future develop- 
ments in high-power electron tubes, and also went into the 
details of the operating principles of electron tubes. Feb- 
ruary 19. Attendance 26. 


Michigan Agricultural College 

Electrical Show. Senior and Junior Electrical Engineering 
students staged a three-day electrical show. Many interest- 
ing exhibits were shown, including a model hydroelectric 
plant and a model steam generating plant, a small portable 
broadeasting station, radio equipment, commercial domestic¢ 
electrical appliances and various experimental apparatus. 
February 23, 24 and 25. Total attendance 1500. 


University of Michigan 
The Engineer's Duty as a Citizen, by George Lewis, Mayor of 
Ann Arbor. The meeting was in the form of a smoker. 
March 3. Attendance 75. 
School of Engineering of Milwaukee 
The Proposed New Power-Plant at the Holeproof Hosiery Com- 
pany, by S. A. Moore, February 26. Attendance 20. 
University of Missouri 
Electrical Generating System of a Modern Warship, by R. E. 
Johnson, student. February 16. Attendance 20. 
University of Nevada 
Business Meeting. February 24. Attendance 25. 


University of North Carolina 

A 40,000-Kv-a Generator, by J. Fred Kistler, and 

A New Dam Construction, by R. J. Rosenberger, student. 
January 29. Attendance 16. 

High-Frequency Resistance and Methods of Measuring It, by 
Mr. Grey, and 

Low-Loss Coils in Radio, by O. R. Rowe. 
tendance 20. 

Business Meeting. The following officers were elected: Chair- 
man, C. L. Jones; Vice-Chairman, Chas. Ray; Treasurer, 
Frank Waldhurst; Secretary, J. F. Kistler. February 26. 
Attendance 35. 


‘University of North Dakota 
Muscle Shoals, by Helmer Gronhovd, student. February 23. 
Attendance 12. 
Design of a 65,000-Ko-a, A. C. Generator, by O. B. Medalen, 
student. March 9. Attendance 16. 


Northeastern University 

Sales Engineering, by G. C. Lamb, Condit Electric Mfg. Com- 
pany. The following officers were elected: Chairman, 
E. H. Barker; Vice-Chairman, E. J. Perkins; Secretary- 
Treasurer, C MeCoombe; Assistant Secretary-Treas- 
urer, H. F. Kingsbury. Refreshments were served. Janu- 
ary 12. Attendance 31. ; 

Inspection trip to the Holtzer Cabot Plant in Jamaica Plain. 
February 8. Attendance 33. 


: Ohio Northern University 
Oil Engines as Prime Movers for Electrical Generators, by Max 
Lee, and 


February 12. At. 
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High-Tension Electrical Construction, by H. J. Relihan. 
ruary 18. Attendance 37. 
Ohio State University . 


History of the Atlantic Cable, by A. J. Mundt, Western Union Co. 
February 13. Attendance 110. 

Japanese Dido Properties, by S. Q. Hayes, Westinghouse Elec- 
tric & Mfg. Co. Illustrated. March 2. Atéondaneé 60. 

Control of Electric Motors, by F. R. Fishback, Electric Controller 


and Mfg. Co. Illustrated with slides. F 
Attendance 15. nem slides ebruary 27. 


Oregon Agricultural College 
Business Meeting. January 29. Attendance 38. 


; University of Pennsylvania 

First Annual Banquet. Addresses were made by Dr. W. C. L. 
Eglin, Philadelphia Electric Co., Professor C. D. Faucette, 
Dean Harold Pender and Professor C. E. Clewell. Feb- 
ruary 11. Attendance 90. 

Business Meeting. Mareh 5. 

Student Branch Convention. 
See page of this issue. 


University of Pittsburgh 

Material Handling, by R. A. MeGregor, Lakewood Engineering 
Co. January 9. Attendance 80. 

Gas- Electric Automobile, by A. P. Kilgallon, and 

The Engineer—an Educated Man, by G. 8. Dively. January 
16. Attendance 24. 

Short-Wave Radio Broadcasting, by C. W. Dalzell. 
Attendance 26. 

Carrier-W ave Telephony, by H. A. Thompson, and 


Artificial Transmission Lines, by J. E. Lange. 
Attendance 23. 


Feb- 


Attendance 75. 
Mareh 9. Attendance 300. 


January 23. 


February 13. 


Purdue University 


News-Print Paper in North America, by R. 8. Kellogg, News 
Print Service Bureau. February 24. Attendance 47. 


Electric Heating and Its Application to Industry, by Mr. Piper, 


Westinghouse Company. [Illustrated with slides. Feb- 
ruary 25. Attendance 34. 
A motion picture, entitled ‘“‘Power,’’ was shown. March 5. 


Attendance 135. 


Rensselaer Polytechnic Institute 

Alternating-Current Machinery, by C. M. Cogan, General Elec- 
trie Co. February 17. Attendance 148. 

Experiences College Men Go Up Against and Have to Meet After 
Graduation, by Farley Osgood, National President,A. I. E. E. 
March 10. Attendance 239. 

Rutgers University 

Artificial Representation of Power Systems, by E. N. Sieder, 
student. February 16. Attendance 8. 

South Dakota State School of Mines 

Electrification of Steam Railroads, by Professor Kammerman. 
Motion pictures on the uses of X-Rays were shown. The 
following officers were elected: Chairman, E. W. Barnes; 
Seeretary-Treasurer, V. Walrod. Refreshments were served 
February 16. Attendance 30. 

_ Stanford University 

The Stability of Large, Interconnected Power Distribution Systems, 
by F. R. George, Pacific Gas & Electric Co. Illustrated | 
with slides, —showing conditions under which the systems 
must operate. February 17. Attendance 28. 


Syracuse University 
The Frequency-Changing Apparatus of the Salmon River Power 
ae by Mr. Kaufman. January 7. Attendance 25. 
Multiple Telegraphy, by RK. J. 14. At- 
tendance 24. 
The Electrification of Steel Mills, by F. A. Bothwell. February 
10. Attendance 23. 
Texas Agricultural and Mechanical College 
Conductorless Electric Circuits, by D. G. Bell. February 27. 
Attendance 87. 


O'Neill. January 


University of Texas 
The Work Done by Graduates in the General Electric Company, by 
M. M. Boring. February 5. Attendance 29. 
A film, entitled ‘““‘Beyond the Microscope,” was shown. 
ruary 20. Attendance 60. 


Feb- 
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University of Utah . 
Regenerative Braking, by H. T. Plumb, General Electrie Co. 
December 9. Attendance 90. 


The Advantages of Belonging to the A. I. E. E., by L. B. Johnson, 
General Electric Co. February 11. Attendance 25. 


Virginia Military Institute 
Recent Development of the Internal-Combustion- Engine 
Electric Locomotive, by S. W. Marshall. 


Value of Testing Magnetic Materials, by Mr. Warwick. A short 
talk was given by Col. S. W. Anderson in which he pointed 
out how valuable it is for a young engineer to get his name 
before the public. February 11. Attendance 41. 


Electrical Machinery in Steel Mill Operation. Illustrated. 
February 19. Attendance 43. 


Two motion pictures, entitled respectively “The Electrification 
of Railways’’ and ‘‘The Single Ridge,” were shown. March 
9. Attendance 22. 


Virginia Polytechnic Institute 
The History of Radio, by M. R. Staley. 
A Comparison of Radio Receiving Sets, by K. H. Kellar, 
Chemical Rectifiers, by T. A. Keck, and 


Superpower Transmission, by E. M. Melton. 
Attendance 32. 


The 


February 16. 


University of Virginia 
Business Meeting. January 20. Attendance 15. 


A motion picture, entitled ‘““‘White Coal,’ was shown. 
ruary 17. Attendance 17. 


Feb- 


Washington University 
Motion picture, entitled ‘‘An Electrified Travelogue,” was shown. 
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University of Washington 
12 Development of the Puget Sound Light & Power Company, 
os He Re Tader ade Sound Power and Light Co. Feb. 
ruary 3. Attendance 29. } 
West Virginia University 
Engineering Prospects, by Mr. Addis, ; : 
Dieecuen Machines for Merchant-Marine Drive, by Mr. 
Crush. : 
Influence of Radio on Power Development, by Mr. Meintel, and 
Edison Medal Awarded to John White Howell, by Mr. Neill. 
February 13. Attendance 25. 


Cement Plant of the Alpha Portland Cement Company, by Mr. 


Wolfe, 

The Operation of Synchronous Converters at Reduced Voltages, 
by Mr. Devebre, 

Insulators, by Mr. Roush, and 

Development of the Incadescent Light, by Mr. Worden. 
ruary 27. Attendance 23. ; 

University of Wisconsin 

Talks were given by students on their Summer work in indus- 
trial practise. December 2. Attendance 20. , 

A motion picture, entitled ‘“‘The Manufacturing of Electric 
Cables,’ was shown. The following officers were elected: 
Chairman, H. C. Wolfe; Secretary-Treasurer, N. G. Robisch; 
Executive Committee, H. G. Berger and W. H. Dresser. 
Joint meeting with A. S.M.E. February 11. Attendance 
20. 


Feb- 


Yale University 
Industrial Illumination, by J. L. Buttolph, Cooper-Hewitt 
Electrie Co. February 10. Attendance 60. 
The Mathematics of Investment, by Professor W. A. Wilson. 
March 4. Attendance 50. 


February 10. Attendance 12. The Evolution of Society, by Professor‘A. G. Keller. March 11. 
Business Meeting. February 26. Attendance 20. Attendance 65. 
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers as a coop- 
erative bureau available only to their membership, and maintained by contributions from the societies and their individual 


members who are directly benefited. 


MEN AVAILABLE.—Brief announcements will be published without charge and will not be repeated, except upon 


requests received after an interval of one month. 
period of 


Names and records will remain in the active files of the bureau for a 
three months and are renewable wpon request. 


Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 33 West 39th Street, New York City, and should be received prior to the 15th of 


the month. 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 


members of the Societies concerned at a subscription rate of 83 per quarter, or $10 per annum, payable in advance. 


Posi- 


tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 
VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 


invited to cooperate with the Societies in the financing of the work by nominal contributions made within thirty days after 
placement, on the basis of $10 for all positions paying a salary of $2000 or less per annum; $10 plus one per cent of all 
amounts in excess of $2000 per annum; temporary positions (of one month or less) three per cent of total salary received. 
The income contributed by the members, together with the finances appropriated by the four societies named above, will 


ut is hoped, be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case and with a two cent stamp attached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


to the Employment Service as above. 


filled will not be forwarded. 


POSITIONS OPEN 
- ENGINEER, with excellent technical training 
and interested in engineering work with insulation 
and processes. Some chemical training desirable. 
Young man preferred though previous experience 
will be of value. Apply by letter stating training, 


experience, age and salary expected. Location, 
East. R-5595. 
ENGINEER, about 35, to take charge of 


experimental laboratory. Must have good me- 
chanical and electrical foundation. Man with a 


record behind him. Location, Middlewest. 
R-5443. 

RADIO ENGINEER, preferably young, with 
technical education. Location, Middlewest. 
R-5422. 


GRADUATE ENGINEER, experienced in 
power plant work, with business ability to qualify 


for executive position by making good in the 
designing, erecting and selling department of 
company manufacturing cooling towers. Apply 
by letter. Location, East. R-5866. 

ESTABLISHED, growing and profitable con- 
sulting engineering (mechanical and electrical) 
business in New York City would consider adding 
a partner, who is an experienced engineer of 
prominence, for purposes of expanding its busi- 
ness. No cash investment necessary. Would 
also consider consolidation with similar business. 
R-5883. 

MEN AVAILABLE 

MECHANICAL AND ELECTRICAL ENGI- 
NEER, inventor, age 36, member A. 8. M. E., 
and A. I. E. E. Proficient in research, design, 
experimental, efficiency in radio, automotive and 
medical apparatus. B-9035. 


_ measuring instruments. 


ELECTRICAL GONSTRUCTION ENGI- 
NEER, DESIGNER, DRAFTSMAN, thoroughly 
accurate in electrical and mechanical work, 
reliable, with long) experience in automatic 
switches, brush switches with maximum and 
minimum breakers up to 10,000 ampere, also 
in lubricating high tension switches, releases and 
B-4968. 

ELECTRICAL ENGINEER, technical gradu- 
ate, 37, married, two years university teacher, 
nine years with public utilities. Experienced 
in design, construction, maintenance and opera- 
tion of public utilities. Well versed in office 
routine, rates, accounts, purchasing, etc. Com- 
pleted Alexander Hamilton Business Course. 
Desires executive position as general superintend- 
ent, manager, assistant to president. Available 


April 1925 


reasonable notice. Minimum salary $7500. 
B-9480. 

TECHNICAL GRADUATE, M. E., E. E., 
Ch. E., 33, five years apprenticeship with manu- 
facturer electrical, also refrigerating equipment. 
One year development work. Five years re- 
sponsible charge design, construction, maintenance 
of paint, dye, chemical plants. Experience sale of 
pumps and electrical machinery. Desires special 
problem or development work with organization 
located in Middlewest. Salary $4500. B-1738. 

ELECTRICAL GRADUATE, extensive experi- 
ence with large manufacturing firm, in power 
switchboard work. Would like opportunity with 
industrial or utility where a general knowledge of 
electric power problems would be useful, in 
Canada, preferably Ontario or Quebec. B-9500. 

MAN with ten years’ practical experience in 
testing A. C. and D. ©. meters and generators, 
electrical maintenance. Will graduate June 
1, 1925 in electrical engineering. Wishes a 
position either in sales, or in experimental work 
Single. Will go anywhere, but prefers Midwest. 
B-9467. 

GRADUATE ELECTRICAL ENGINEER, 
age 30, married, six years good general experience 
in design, operation and maintenance of power 
plants and transmission system. Desires position 
with public utility or electrical manufacturer with 
opportunity to specialize. Middlewest or West 
preferred. Minimum salary $2400. Available 

- onreasonable notice. B-9474. 

ELECTRICAL ENGINEER, M. I. T. 13, has 
had varied experience including teaching, re- 
search, army, plant engineering and sales engi- 
neering. Desires position as assistant plant engi- 
neer or construction engineer in large oragniza- 
tion, preferably South or Southwest. Available 
immediately. B-9455. 

ELECTRICAL ENGINEER, technical gradu- 
ate, age 26, married, two and one-half years with 
WwW. E. Manufacturing Company. Argentine 
nationality, speaks Spanish, English, Italian and 
understands French. Wants a position with a 
company to work in Argentine in electrical engi- 
neering work. Available in one month. B-9454. 

ASSISTANT PROFESSOR OF ELEC- 
TRICAL ENGINEERING, age 32, married, four 
years of teaching experience, lecture, laboratory, 


design. Seven years of railway, shop, telephone 
and power work. Available in September. 
B-972. 


ELECTRICAL ENGINEER, age 27, one and 
one-half years research, one and one-half years 
teaching, some power plant and test floor experi- 
ence. Desires teaching position. Available after 
July first. B-7263. 

ELECTRICAL ENGINEER, technical gradu- 
ate, age 26, desires responsible position with a 
growing electrical concern, production, installation 
or radio development. Experienced in motor 
work, installation, wiring, storage batteries. One 
with opportunity for advancement desired. 
Available the middle of April. Location, New 
York City or New Jersey. B-9353. 

POWER SALESMAN, age 28, single, broad 
experience in highly diversified industrial region. 
Rate experience, competent to make, establish, 
sell and maintain power factor rate. Desires 
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ASSOCIATES ELECTED MARCH 13, 1925 


*A DAM, LOUIS GEORGE, Technical Employee, 
American Tel. & Tel. Co., 311 W. Washington 
St., Chicago, Ill. 

*ADAMS, GEORGE G., Tester, New York 
Edison Co., 92 Vandam St., New York; 
res., Jamaica Oaks, INDY 

ALLDRIDGE, LESTER, Electrical Engineer, 
American Radio & Electric Co., Inc., 111- 
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opportunity with progressive utility, in executive 
capacity, in power sales. Any location. Avail- 
able three weeks. B-9487. 

ELECTRICAL ENGINERR, technical educa- 
tion, experienced in the design of poly phase induc- 
tion and direct current motors, desires position 
with an electrical motor manufacturing company 
as motor designer. Twenty-four years’ experi- 
ence in designing and development of alternating 
and direct current motors. Investigation, service 
work, electrical construction and maintenance. 
B-9016. 

RELAY ENGINERR, technical education, 37, 
three years’ service department Westinghouse, 
six years in charge relay division large central 
station. Developed testing methods, equipment, 
record systems for relays, system of analysis for 
interruptions, etc. Wishes position protective 
engineering department, or will undertake 
organization of relay test, maintenance division. 
Available five weeks’ notice. B-9503. 

RECENT ELECTRICAL ENGINEERING 
GRADUATE, age 24, single, desires position pref- 
erably with public utility. . Have made an exten- 
sive study of the public relations field, and have 
had some business, sales and engineering experi- 
ence. Prefer administrative, or combined ad- 
ministrative and engineering position, but would 
consider any engineering work, especially develop- 
ment and perfection of equipment and patents. 
Available on short notice. B-9528. 

SUPERINTENDENT, age 38, married, twenty 
years’ experience in construction, maintenance 
and operation of substations, power installations, 
meters and relays. At present and for the past 
eight years contractor in New York City. Avail- 
able thirty days. B-9539. 

TECHNICAL GRADUATE, 1914, married, 
desires employment with organization requiring 
services of engineer and executive of proved 
ability, experience. Two years’ supervising 
educational training; one year superintendent 
maintenance electric railway. Captain coast 
artillery, now major officers’ reserve corps. Five 
years telephone equipment engineer specializing 
in power work. Available sixty days. B-9568. 

RADIO ENGINEER, B. 8. of E.E., married, 
experienced in the design of radio frequency ampli- 
fiers and entire receivers. Familiar with test ap- 
paratus, also have teaching, broadcasting and 
signal corps experience. Associate Institute of 
Radio Engineers. Available on short notice. 
B-9544. 

ENGINEER, B. 8. and E. E. degrees, fifteen 
years’ experience testing, construction, design and 
supervision of substation and distribution work. 
Desires connection with manufacturer, public 
utility, engineer or investment banker employing 
engineers. Available on one months’ notice. 
B-9551. 

GRADUATE ELECTRICAL ENGINEER, 
young, with six years college training and experi- 
ence in research and development work, also two 
and one half years’ teaching. Desires permanent 
connection with organization where experience 
could be capitalized and the possibilities for 
expansion are present. Location preferred, West, 
Middlewest or South. B-7498. 


JUNIOR TECHNICAL SALESMAN, tech- 
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121 Kossuth St., Union Hill, N. are Less 
Brooklyn, N. Y. 

ALLEN, HOWARD BRIGHAM, Sales Engineer, 
Westinghouse Electric International Co., 
150 Broadway, New York; res., Brooklyn, 
INGY = 

*ALLEN, THOMAS TWADDEL, Electrician, 
Jos. T. Fewkes & Co., 137 N. 12th St., 
Philadelphia, Pa. 
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nical school graduate, age 29, single, one year of 
inspection and public utility work, four years’ 
practical experience in various electrical lines. 
Desires to enter sales field, New York district 
preferred. Available reasonable notice. B-7920. 

ELECTRICAL AND MECHANICAL ENGI- 
NEER, with executive training, experienced in 
economical power plant operation; combustion, 
uses or steam, turbines, generators, industrial 
electrical layout, motors, controllers and their 
applications, factory maintenance and construc- 
tion. Availableimmediately. B-8448. 

ELECTRICAL ENGINEER, age 25, single, 
Canadian, with eighteen months’ test experience 
with the Canadian Westinghouse Company, 
desires a position in an engineering firm. Very 
good references. Available at end of April. 
B-9570. 

FIELD ENGINEER, 28, married, graduate 
electrical engineer 1920. One year G. E. test, 
two years power plant operation and construc- 
tion, two years construction of transmission and 
distribution substations. Desires similar position 
with consulting engineer or public utility. Would 
consider position in power sales or sales engineer- 
ing. B-6010. 

ELECTRICAL CONSTRUCTION FORE- 
MAN, age 40, twenty years’ experience power 
plant and substation construction. Good follow- 
ing of A-1 journeyman. Available at once. 
B-9571. 

ELECTRICAL ENGINEER, age 30, technical 
school graduate, twelve years’ experience on.con- 
struction, installation, maintenance and inspection 
of light, power and signal systems. Has also 
worked in the capacity of assistant consulting 
engineer, sales engineer and branch manager, 
instructor and technical writer. Desires change 
with future for executive work. Location 
optional. B-247. 


UNIVERSITY GRADUATE, 28, one and one- 
half years’ electrical shop construction, mainte- 
nance experience, one year with one of largest 
power distributors at transmission line survey, 
location, inspection, office drafting. Desires 
permanent position at transmission line substation 
drafting, design, preferably North Central states 
or Eastern Canada. $135 a month with op- 
portunity. Available one month. B-9556. 

ASSISTANT PROFESSOR OF ELEC- 
TRICAL ENGINEERING in leading southern 
technical school desires opportunity for more 
rapid advancement in teaching profession, or 
position of responsibility in executive work. Age 
27, married, graduate University of Missouri, 1921 
with B. 8. in E. E. Two years’ electrical engi- 
neering experience and two years’ teaching expe- 
rience. B-6303. 

INDUSTRIAL ENGINEER, electrical and 
mechanical, 35, married; specialist design, ap- 
plication, installation of automatic electric con- 
trol apparatus and devices. Experience also 
covers railway signal, steam power plant opera- 
tion, electrical and mechanical construction field. 
Blectrical and mechanical draftsman. Reason- 
able legitimate offers considered. Minimum 
$225.00. Correspondence solicited. Central West 
or Southern States only. B-9561. 
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ALLGEIER, OWEN R., Engineer, Union 
Electric Light & Power Co., and the St. 
Louis County Gas Co., Lockwood & McClure 
Aves., Webster Groves, Mo. 

AMANN, RUDOLPH E., Draftsman, Buffalo 
Forge Co., 490 Broadway, Buffalo, N. Y. 


ANDERSON, LOUIS NORMAN, Technical 
Supervisor, All America Cables, Inc., U. 8. 
Naval Station, Guantanamo Bay, Cuba. 
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ANDREW, CHARLES JAMES, Jr., Electrical 
Draftsman, Kansas City Power & Light Co., 
1330 Grand Ave., Kansas City, Mo.; res., 
Kansas City, Kans. 

*APOSTAL, SPEROS D., Circuit Engineer, 
Commonwealth Edison Co., 72 W. Adams 
St., Chicago, Ill. 

ARCHER, WILLIAM WHARTON, Jr., Con- 
struction Engineer, Virginia Railway & Power 
Co., Richmond, Va. 

ARNTZEN, BRANDT, Draftsman, New York 
& New Jersey State Bridge & Tunnel Com- 
mission, 233 Broadway, New York; res., 
Brooklyn, N.Y. . 

ATKINSON, GEORGE EVLIN, Clerk, Toledo 
Edison Co., Acme Station, Toledo, Ohio. 
BARCLAY, AMOS EWING, Asst. Electrical 
Engineer, Dwight P. Robinson & Co., Inc., 

125 E. 46th St., New York, N. Y. 

BEARD, ROBERT FLEMING, Philadelphia 
Mer., Electrical Merchandise, Industrial 
Engineer, Journal of Electricity, 712 Real 
Estate Trust Bldg., Philadelphia, Pa. 

*BEARDSLEY, FRANK DEY, Student En- 
gineer, Testing Dept., General Electric Co., 
Schenectady, N. Y. 

BECKER, NIELS RICHARD ALWYN, Com- 
mercial Agent, Michigan’ Bell Telephone 
Co. of Detroit, Mieh.; res., Jacksonville, 
Fla. 

BENJAMIN, ROY M., Electrical Service In- 
spector, Bureau of Power & Light, 120 E. 
4th St., Los Angeles, Calif. 

*BENNETT, RICHARD HEBER, Jn., Electrical 
Engineer, Relay Dept., Tennessee Electric 
Power Co., Chattanooga, Tenn. 

*BERGSTROM, THEODORE, 1414 W. 62nd 
St., Seattle, Wash. 

*BEST, OC. A., Engineer, The Pacific Tel. & Tel. 
Co., Fresno, Calif. 

BIEGEL, EARL JULIUS, Material Man, 
Duquesne Light Co., 604 Chamber of Com- 
merce Bldg., Pittsburgh; res., Wilkinsburg, 
Pa. 

BIRGE, EDGAR BRAZILL, Tester, Brooklyn 
Edison Co., 360 Pearl St., Brooklyn, N, Y.; 
res., Weehawken, N. J. 

BJORNDAL, MAGNUS, Electrical Draftsman 
New York Edison Co., 44 E. 23rd St., New 
York, N.Y. 

*BLOMQUIST, ERNEST PHILIP, Electrical 
Draftsman, Densmore, LeClair & Robbins, 
Park Sq. Bldg., Boston;  res., 
Plain, Mass. 

BOLL, LESTER PIERCE, Distribution En- 
gineer, Union Electric Light & Power Co., 
Lockwood & McClure Aves., Webster 
Groves, Mo. 

*BOUSMAN, HENRY WOODFORD, 
prentice, Allis-Chalmers Mfg. Co., 
68th Ave., West Allis, Wis. 

BREUNIG, ROBERT HENRY, 
Electrician, Atlantic City 
Philadelphia, Pa. 

BRIDDICK, JOHN WILLIAM, Manager, 
Machinery Insurance Dept., Barker, Grost & 
Chapman Co., Toledo, Ohio. 

*BROWN, HAROLD CARL, Meter Engineer, 
Westinghouse Elec. & Mfg. Co., 467 10th 
Ave., New York; for mail, Walden, N. Y. 

*BROWN, LELAND HERMON, B&lectrical 
Engineer, Crystal Lake Laboratory, Cassel, 
via Redding, Calif, 

*BURNS, DAVID, Engineer, Detroit Edison Co., 
2000 Second Ave., Detroit, Mich. 

CARNAGY, LESLIE WARREN, Southern 
Manager, Locke Insulator Corp. of Bal- 
timore, Md., 414 Red Rock Bldg., Atlanta, 
Ga. 

CARRICK, JOSEPH EDWARD, Electrical 
Inspector, Brooklyn Edison Co., 563 Grand 
Ave., Brooklyn, N. Y. 

*CARTER, EMMETT FINLEY; Radio Engi- 
neer, General Electric Co., Schenectady, 
INGLY’: 
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Electric Co., 


Jamaica. 


INSTITUTE AND RELATED ACTIVITIES 


CASSELL, WESLEY LOGAN, Sales Engineer, 


National Carbon Co., Inc., Cleveland, 
Ohio; for mail, Fort Wayne, Ind. 
CASTELLINO, LEONARDO VICENTE, 


Student, Union College, Schenectady, N.Y. 

*CHAULS, REUBEN, American Machine & 
Foundry Co., 5520, 2nd Ave., Brooklyn; 
res., Richmond Hill, N. Y. 

*OHEN, CHENG-HSIEN HENRY, Student 
Engineer, Testing Dept., General Electric 
Co., Schenectady, N. Y.; for mail, Nanking, 
China. 

*CHEN, SARCEY T., General Engg. Dept., 


Westinghouse Elec. & Mfg. .©o., East 
Pittsburgh; res., Wilkinsburg, Pa. 
*OLARK, HAROLD W., Engineer, Western 


States Gas & Electric Co., Stockton, Calif. 

*OLARK, HERBERT SPENCER, Electrical 
Inspector, Hydro-Electric Power Commis- 
sion of Ontario, Queenston Generating Sta., 
Queenston, Ont., Can. 

*CLASSEN, WILLYS HAROLD, Drafting & 
Engineering, Holabird & Roche, 104 So. 
Michigan Blvd., Chicago, II. 

CLEMENTS, HENRY, Foreman Electrician, 
Chile Exploration Co., Chuquicamata, Chile, 
So. Amer. 

*COATES, JAMES OLIVER, Test Man, General 
Electric Co., Schenectady, N. Y. 

*COLLEDGE, ARTHUR, Electrical Estimator, 
Murrie & Co., 52 Broadway, New York, N.Y. 

*CONGLETON, RAY THOMAS, Electrical 
Engineer, B. A. Wesche Electric Co., 1622 
Vine St., Cincinnati, Ohio. 

COOK, LEE E., Relay Engineer, Texas Power & 
Light Co., Dallas, Texas. 

CORRAO, GEORGE, Sales Manager, Western 
Electric Co., Inc., 814 Spruce St., St. Louis, 
Mo. 

COTA, PEDRO N., Chief of Wireless Service, 
In Charge Central Wireless Station of Cha- 
pultepec, Mexico, D. F., Mex. 

*COULTER, STANLEY LYTTON, Student 
Engineer, Testing Dept., General Electric 
Co., Schenectady, N. Y. 

*CRANE, CARL C., Draftsman, Commonwealth 
Power Corp., Jackson, Mich. 

*CREAMER, CHARLES D., Instructor, Michi- 
gan State Auto School, 3729 Woodward 
Ave., Detroit, Mich. 

CROSS, CHARLIE, Cable Splicer, Light Dept., 
City of Seattle, 204 County City Bldg., 
Seattle, Wash. 

*CRUICKSHANK, JOHN EDWARD, Circuit 
Designer, Bell Telephone Laboratories, Inc., 
463 West St., New York; res., Brooklyn, 
INE ee 

DAFOE, ALBERT ALEX., Main Test, General 
Electric Co., Schenectady, N. Y. 


DAVIS, HIPPOCRATES, Engineer, Jones & 
Laughlin Steel Corp., Woodlawn, Pa. 

*DEGENTESH HENRY E., 889 Fifth Ave., 
Milwaukee, Wis. 

DE LANEUX, HAROLD HAZEN, Shift 


Engineer, Radio Corp. of America, Bolinas, 
Calif. 

DEMPSEY, HOWARD MEREDITH, Asst. to 
Rate Engineer, The New York Edison Co., 
124 E. 15th St., New York, N. Y. 

DEVEAU, J. MAURICE, Meter Engineer, 
North Shore Power Co., Three Rivers, Que., 
Can. 

*DICKINSON, OTIS, Engineering 
New. York State Dept. of 
State Capitol, Albany, N. Y. 

*DIEHL, EDWARD ALFRED PAUL, Central 
Office Man, Bell Telephone Co. of Penna.., 
26 W. Chelten Ave., Philadelphia, Pa. 

DILLON, EDWARD VINCENT, Commercial 
Kngineer, Transformer Engg. Dept., General 
Electric Co., Pittsfield, Mass. 

*DODSON, JOHN RICHARD, Sales Engineer, 
Industrial Div., Westinghouse Elec. & Mfg. 
Co., 38-40 Clinton St., Newark, N. J. 


DOUGHTY, HERBERT G., Manager, Electric 


& Trolley Utility; Ohio Service Ce., Cam- 
bridge, Ohio. 


Bureau, 
Architecture, 


Journal A. I. E. E. 


DOUGLAS, FRANOIS CHARLES, Asst. Ap- 
paratus Managér, Commercial Electric Sup- 
ply Co., 320 So. Broadway, St. Louis, Mo. 

DRAKE, HOBART EVERETT, Instructor in 
Illumination, National Electrical School, 
4006 S. Figueroa St., Los Angeles; res., 
Rivera, Calif. 

DUNCAN, HERRICK DOYLE, Engg. Dept., 
Commonwealth Power Corp., Jackson; for 
mail, Flint, Mich. 

DUNCAN, WILLIAM CAMERON, Inspector, 
Brooklyn Edison Co., 561 Grand Ave., 
Brooklyn, N.Y. 

DUNN, HAROLD EDWIN, Transformer Engg. 
Dept., General Electric Co., Pittsfield, Mass. 

DURHAM, GEOFFREY, Meter Engineer, 
Electricity Dept., Harris St., Wellington, 
New Zealand. ; 

DYAR, OTIS PEABODY, Instructor, National 
Automotive & Electrical School, 4006 8S. 
Figueroa St., Los Angeles; res., Pasadena, 
Calif. ; 

EADIE, JAMES BUCHANAN, Chief Clerk, 
Traffic Dept., Saskatchewan Government 
Telephones, Regina, Sask., Can. 

*ECKHARDT, EDWARD F., Student En- 
gineer, Illinois Bell Telephone Co., 315 W. 
Washington St., Chicago, Ill. 

EDDY, ROBERT WILLIAM, Transmission 
Engineer, Chief Engineer’s Office, Wisconsin 
Telephone Co., 418 Broadway, Milwaukee, 
Wis. t 

EGGENS, HENDRICK JAN, Electrical Drafts- 
man, Brooklyn Edison Co., B. E. Bldg., 
Pearl St., Brooklyn; res., New York, N. Y. 

*EISENHOWER, EARL DEWEY, Electrician, 
West Penn Power Co., Charleroi, Pa. 

*EISENMANN, ARTHUR S., Program Mana- 
ger, Westinghouse Radio Station WBZ, 
Springfield, Mass. 

ENRIGHT, JOHN JOSEPH, Inspector, Brook- 
lyn Edison Co., Inc., Grand Ave. & Dean St., 
Brooklyn,N. Y. 

*EVJEN, IRVING WADSWORTH, Student 
College of Engineering, Milwaukee, Wis.; 
for mail, Duluth, Minn. 

*FAIGLE, CHARLES ALBERT, Engineering 
Assistant, New York Edison Co., 140th St. & 
Rider Ave., Bronx, New York, N.Y. 

*FAIVER, KENNETH EDWARD, Post-grad- 
uate Student, Rensselaer Polytechnic In- 
stitute, 129 Ninth St., Troy, N. Y. 

FARQUARSON, STANLEY, Draughtsman, 
Construction Dept., British Columbia Elec- 
tric Railway Co., Ltd., Vancouver, B.C., 
Can. 

*FELDMAN, MERRICK R., Supply Engineer, 


Westinghouse Elec. & Mfg. Co., East 
Pittsburgh, Pa. 
*FELDSTEEN, JACOB JULIUS, Delivery 


Supervisor, The Western Union Telegraph 
Co., 2040 E. 9th St., Cleveland, Ohio. 

*FERGUSON, WHITWORTH, Estimating Elec- 
trical Engineer, Robertson Electric Con- 
struction Co., 126 8S. Elmwood Ave., Buffalo, 
INGA 

FICKLIN, O. W., General Plant Manager, 
Southwestern Bell Telephone Co., St. Louis, 
Mo. 

FINLEY, ARNOT M., Asst. Statistician, Union 
Electric Light & Power Co., 315 N. 12th 
Blvd., St. Lous, Mo. 

FLAGLE, FRANK W., Student, University of 
Utah, Salt Lake City, Utah. 

FLYNN, THOMAS, Valuation Engineer, Albany; 
res., Watervliet, N. Y. 

FONT, MANUEL, Supt., Public Buildings, 
Government of Porto Rico, Santurce, Porto 
Rico. 

*FORBES, HENRY C., Radio Engineer, Zenith 
Radio Corp., 332 S. Michigan Ave., Chicago, 
Ill.; res., Minneapolis, Minn. 

FORBE S-ROBERTS, H., Proprietor, Arcola 
Light & Power Co., Arcola, Sask., Can. 


FORSTER, Joseph, Electrical Inspector, Safety 
Insulated Wire & Cable Co., Bayonne, N. J. 
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FOX, CHARLES G., Inspector, Brooklyn 
Edison Co., 461 Grand Ave., Brooklyn, N. Y. 

*FRANK, ARNOLD SAMUEL, Asst. Instru- 
ment Man, Pennsylvania State Highway 
Dept.; 551 Century Bldg., Pittsburgh; res., 
Chester, Pa. 

*FRANK, HERBERT R., Draftsman, New York 
Edison Electric Co., 44 E. 28rd St., New 
York, N. Y.; res., Palisades Park, N. J. 

FRENZER, PETER F., Superintendent of 
Telegraph, Union Pacific Railroad Co., 
1416 Dodge St., Omaha, Nebr. 

*FRIEDMAN, EDWIN AUGUST, Electrician 
Foreman, Oliver Iron Mining Co., Hibbing, 

FUQUA, HERBERT E., Asst. Engineer, General 
Electric Co., 724 S. Spring St., Los Angeles, 
Calif. 

GAHAN, JOHN JOSEPH, Officer, U. S. A., 
Camp Alfred Vail, N. J. 

*GARDNER, MATHIAS VERNON, Asst. 
Engineer, Elec. Distribution Dept., Rochester 
Gas & Electric Corp., 34 Clinton Ave., 
N., Rochester, N. Y. 

GEORGE, HERBERT ERNEST, Instructor, 
National Electrical School, 4006 8. Figueroa 
St., Los Angeles, Calif. 

GERBERSMAN, HARRY J., Toll Engineer, 
Southwestern Bell Telephone Co., 519 
Planters Bldg., St. Louis, Mo. 

GHEEN, RAY F., District Sales Manager, 
Ohio Brass Co., 451 E. 3rd St., Los Angeles, 

_ Calif. 

*GIBFORD, CHARLES WALKER, Experi- 
mental Engineer, Schwarze Electric Co., 
Adrian, Mich. 

GILLELAND, EDWIN C., Draftsman, Puget 
Sound Power & Light’ Co., 401 Electric 
Bldg., Seattle, Wash. 

GLASOW, O. A., Electric Inspector, Northern 
States Power Co., 15 S. 5th St., Minneapolis, 
Minn. 

GLASS, JAMES GARVIN, Chief Operator, 
Swan Falls Plant, Idaho Power Co., Murphy, 
Idaho. 

GOLDBERG, BENJAMIN, Manager, Electric 
Dept., Bengo Electric Corp., 603 Brighton 
Beach Ave., Brooklyn, N. Y. 

*GOLDING, LEO MAXWELL, Manager, Long 
Distance Telephone Dept., Postal Telegraph 
Co., 140 W. Van Buren St., Chicago, Il. 

GORDON, LESLIE BENNIE, Chief Electrical 
& Power Engineer, Kelly Springfield Tire 

. Co., Cumberland, Md. 

*GOTTRON, GUSTAVE, Testing Engineer, Bell 
Telephone Laboratories, Inc., 463 West St., 
New York, N. Y. 

GRAHAM, CLARENCE W.., Electrical Engineer, 
Hatfield Electric Co., 2136 Keith Bldg., 
Cleveland, Ohio. 

_GRAY, ARTHUR LESLIE BAGOT, General 
“Traffic Engineer, Brazilian Telephone Co., 
357 Bay St., Toronto, Ont., Can. 

GREEN, WILLIAM HARRISON, Foreman, 
Drafting Room, Union Gas & Electric Co., 
1107 Plum St., Cincinnati, Ohio. 

_GREENLEAF, MIKE, Chief Electrician, Twin 
City Theatres Co. Centralia, Wash. 

GREFF, LESTER MONROE, Representative, 
American Jobbers Supply Co., 1502-6 
Woolworth Bldg., New York, N. Y. 

GRIFFITH, JAMES D., Instructor, National 
Electrical School, Figueroa & Santa Barbara 
Sts., Los Angeles; res., Inglewood, Calif. 

GRIMSTEAD, REUBEN CHARLES, Drafis- 
man, Sargent & Lundy, 1412 Edison Bldg., 
Chicago, Ill. 

*GROH, GEORGE HENRY, Asst. Engineer, 
Relay Dept., West Penn Power Co., 14 Wood 
St., Pittsburgh; res., Springdale, Pa. 

GUDGEON, STEPHEN EDWARD, Operating 
Instructor, Shawinigan Water & Power Co., 
Shawinigan Falls, Que., Can. 

GUILD, FRANK EDGAR, Engineer, Trans- 
mission & Transformation, Wisconsin Power 
& Light Co., 900 Gay Bldg., Madison, Wis. 


: INSTITUTE AND RELATED ACTIVITIES 


*GUSTAFSON, WALTER T., Meter Tester, 
North Pacific Public Service Co., Bremerton; 
res., Seattle, Wash. 

HADDAD, LABEEB B., Testing in Steam 
Power Plants, Public Service Electric & 
Gas Co., 21st St. & Clinton Ave., Irvington; 
res., Bloomfield, N. J. 

*HAFEL, CLARE PHILIP, Student, University 
of Notre Dame, 344 Badin Hall, Notre 
Dame, Ind; res., Caney, Kans. 

HAGEMEYER, WALTER, Asst. Inspector of 
Relays, Potomac Electric Power Co., Wash- 
ington, D. C.; res., Rosslyn, Va. 

HAIGH, JAMES HAROLD, Electrical En- 
gineer, Board of Water &.Blectric Light 
Commission, 1200 8S. Pennsylvania Ave., 
Lansing, Mich. 

*HALABY, FARAH HANNA, 68 Bay 13th St., 
Brooklyn; for mail, New York, N. Y. 

*HALES, JAMES L., Draughtsman, (Electrical 
Design), Engg. Dept., Carolina Power & 
Light Co., Raleigh, N. C. 

HAMMANN, ROBERT TRYON, Inspector, 
Brooklyn Edison Co., 561 Grand Ave., 
Brooklyn, N. Y. 

*HAMMOND, JOSEPH ALBERT, Student, 
College of Elec. Engg., University of Min- 


nesota, 2415 Bryant Ave., S., Minneapolis,’ 


Minn. 

HANFORD, HAROLD HENRY ROBERT, 
Engg. Clerk, District Engineer's Office, 
Canadian Pacific Railway Co., OC. P. R. 
Station, Vancouver, B. C., Can. 

*HAPGOOD, KENNETH ELLSWORTH, A. C. 
Engg. Dept., General Electric Co., Schenec- 
tady; res., Scotia, N. Y. 

*HARRIS, HIRAM DYER, Instructor, Elec. 
Engg. Dept., Rensselaer Polytechnic Insti- 
tute, Troy, N. Y. 

HARRISON, MONT E., Assistant to Superin- 
tendent of Lines, Los Angeles Railway Corp., 
717 East 16th St., Los Angeles, Calif. 

*HAWLEY, GEORGE L., Results Engineer, 
United Water, Gas & Electric Co., Sherman 
& Adams, Hutchinson, Kans. 

*HAYWARD, SHELDON CONANT, Asst. 
Editor, The Electric Journal, 1205 Keenan 
Bldg., Pittsburgh; res., Wilkinsburg, Pa. 

*HEIDELBAUGH, EMLEN ORESSE, Asst. 
Engineer, Bell Telephone Co. of Penna., 
261 N. Broad St., Philadelphia, Pa. 

HELLERN, BERNHARD, Electrical Engineer, 
Westinghouse Elec. & Mfg. Co., 10th Ave. & 
36th St., New York; res., Brooklyn, N. Y. 

*HENSLEY, FRED C., Power Sales Dept., 
Westinghouse Elec. & Mfg. Co., East 
Pittsburgh; res., Wilkinsburg, Pa. 

*HERBORN, LUDWIG EDWARD, Designer, 
Western Electric Co., Inc., 463 West St., 
New York, N. Y. 

HEUFELD, STEPHEN, Draughtsman, New 
York Edison Co., 327 Rider Ave., New York; 
res., Astoria, N. Y. 

HILL, HARRY E., Asst. Substation Inspector, 
San Joaquin Light & Power Co., 1918 St: 
Bakersfield, Calif. 

HILL, WILLIAM SCOTT, Electrical Engineer, 
Central Station Dept., General Electric Co., 
Schenectady, N. Y. 

*HOGUE, LELAND JAMIESON, Line Exten- 
sion Estimator, Distribution Div., Common- 
wealth Edison Co.,72 W. Adams St., Chicago, 
Til. 

HOLLAND, LEWIS NELSON, Instructor, Elec. 
Engg. Dept., University of Michigan, Engg. 
Bldg., Ann Arbor, Mich. 

*HOLM, EARL N., Engineer & Commercial 
Representative, Great Western Power Co., 
Rio Vista, Solano Co., Calif. 

HOLROYD, ALBERT, Elevator Engineer, 
Prudential Insurance Co., Newark, N. J.; 
res., New York, N. Y. 

HOOD, JAMES WILLIAM, Substation 
Operator, Public Service Co. of Northern 
Illinois, 1900 Sherman Ave., Evanston, Lil. 

HOVEY, ALMON GUION, Research Chemist, 
General Electric Co., Schenectady, N. Y. 
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HUBER, HERMAN, Electrical Design, North- 
western Electric Co., 408-16 S. Hoyne Ave., 
Chicago, Ill. 

HUNGATE, BRYAN J., Relay Engineer, Union 
Electric Light & Power Oo., 414 N. 10th St., 
St. Louis, Mo. 

HUNTER, EVERETT EDISON, Supt. of 
Distribution, The Ohio Public Service Co., 
35 N. Park Ave., Warren, Ohio. 

INCH JAMES ALLISON, Toll Supervisor, 
Telephone Dept., Saskatchewan Govern- 
ment Telephones, Regina, Sask., Can. i 

*INGRAM, WILLIAM H., Engineer, 
Power & Light Co., Dallas; 
Texas. 

ISENBERG, HANS D., Drafting Dept., Allen- 
Bradley Co., Milwaukee, Wis. 

JONES, BENJAMIN, Commerical Supt., Dept. 
of Telephones, Saskatchewan Government 
Telephones, Regina, Sask., Can. 

*KARGAROFF, C. M., Equipment Engineer, 
Western Electric Co., Hawthorne, Chicago, 
Ill; res., Brooklyn, N. Y. 

*KATER, JOSEPH ANDREW, Sales Assistant, 
Westinghouse Elec. & Mfg. Co. 150 Broad- 
way, New York, N. Y. 

KEIRNS, JOHN T., Junior Electrical Engineer,, 
Testing Dept., City of Los Angeles Bureau of 
Power & Light, 211 E. Power St., Los 
Angeles, Calif. 

*KELLY, JOHN MARTIN, Student, Carnegie 
Institute of Technology, Pittsburgh, Pa. 
KELLY, ROBERT B., Transformer Engineer, 
General Electric Co., Schenectady, N. Y. 
*KERNS, ARTHUR DAVID, Electrical En- 
gineer, Western Electric Co., Inc., Hawthorne 

Sts., Chicago; res., LaGrange, Ill. 

KING RAYMOND PAUL, Laboratory Assist- 
ant, Stromberg-Carlson Telephone OCo., 
1060 University Ave. Rochester, N. Y. 

*KINGBURNE, FRANK, Inspector, Brooklyn 
Edison Co., Inc., Pearl & Willoughby Sts., 
Brooklyn, N.Y. . 

KISLINGBURY, HARRY GEORGE, Statis- 
tician, Union Electric Light & Power Co., 
315 N. 12th St. St. Louis, Mo. 

KITCHEN, ALFRED PAYNE, Research & 
Investigation, Philadelphia Electric Co., 
2301 Market St., Philadelphia, Pa. 

KLAK, JOHN JAMES, Facilities Engineer, 
Wisconsin Telephone Co., 418 Broadway, 
Milwaukee, Wis. 

KNIGHT, FREDERICK VICTOR, Operator, 
British Columbia Electric Railway, Van- 
couver, B. C., Can. 

*KNIGHT, IVAN THEODORE, Graduate 
Student, Oklahoma Agricultural and Me- 
chanical College, Stillwater, Okla. 

KNODEL, HAROLD §&., Sales Engineer, Otis 
Elevator Co., 2301 Locust St., St. Louis, Mo. 

KRAEHENBUEHL, JOHN OTTO, Teacher, 
Elec. Engg Dept., University of Illinois, 
Urbana, Il. 

KRUGER, FLOYD HENRY, Engineer, Western 
Electric Co., Inc., Hawthorne Station, 
Chicago, Ill. 

LAIRD, JOHN ALFRED, Secretary-Manager, 
St. Louis Electrical Board of Trade, 1298 
Arcade Bldg., St. Louis, Mo. 

*LAKIN, C. E., Electrical Engineer, Kansas 
Electric Power Co., Lawrence, Kans. 

LEAL, CARLOS, Electrical Superintendent, 
Necaxa Power House, Necaxa, Puebla, 
Mexico. 

LECKEY GEORGE WILLIAM, Asst. En- 
gineer, Hydro-Electric Dept., Hobart, Tas- 
mania, Australia. 

*LEET, CECIL ROBERT, Transmission En- 
gineer, E. L. Phillips & Co. 50 Church St., 
New York, N. Y. 

*LEJEUNE, GEORGE JOSEPH, Test Foreman, 
Western Electric Co., Inc., 1505 Race St., 
Philadelphia, Pa. 

LEVY, MORTIMER N., Radio Sales Promotion, 
Stephenson Laboratories, 342 Madison Ave., 
New York, N. Y. 


Texas 
res., Terrell, 
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LEWIS, EPHRAIM H., Gen. Superintendent, 
St. Louis County Diy., Union Electric Light 
& Power Co., Lockwood & McClure Aves., 
Webster Groves; res., St. Louis, Mo. 

LIDDINGTON, STANLEY JAMES, Mechan- 
ical Engineer, Canadian Westinghouse Oo., 
Hamilton, Ont., Can. 

*LIND, JOHN EDWIN, Engineering Draftsman, 
New York Central Railroad, Lexington Ave., 
New York; res., Brooklyn, N. Y. 

LINDSEY, EDWARD C., Station Operator, 
Public Service Co. of No. Illinois, 524 1st 
National Bank Bldg., Chicago, Ill. 

*LINKE, ERNEST H., Asst. Engineer, New 
York Telephone Co., 104 Broad St., New 
York, N. Y.; res., South Orange, N. J. 

*LINNEY, RALPH WALL, Student Engineer, 
Southwestern Bell Telephone Co., 700 
Kansas Ave., Topeka, Kans. 

*LIPSCHITZ, HARRY, Draughtsman, Public 
Service Production Co., 80 Park Place, 
Newark; res., Jersey City, N. J. 

LITTLE, FRANK MIACHAEL, Supervisor, 


Central Office Maintenance, Ohio Bell 
Telephone Co., 4300 Euclid Ave. Cleveland, 
Ohio. 


*LITTLEFIELD, JAMES CHARLES, Asst. 
‘Valuation Engineer, Pacific Gas & Electric 
Co., 375 Sutter St., San Francisco; res., 

_ Oakland, Calif. 

*LLOYD, FAY DOUGLAS, 655 Bulen Ave., 
Columbus, Ohio. 

LOEWELL, CONRAD, Inspector, Brooklyn 
Edison Co., Inc., 561 Grand Ave., Brooklyn; 
res., New York, N. Y. 

*LOVELAND, HAROLD ALLEN, Switchboard 
Operator, Binghamton Light, Heat & Power 


Co., Union Sta., Johnson City; res., Bing- 
hamton, N.Y. 
*LUCAS, HARRY CHARLES, Jr., Electrical 


Inspector, Philadelphia Electric Co., 1000 
Chestnut St., Philadelphia, Pa. 

LUNG, SHUN-YEU, Testing Engineer, Foos Gas 
Engine Co., Springfield, Ohio. 

*LUQUE, EDUARDO DIAZ, Cadet Engineer, 
Mexican Light & Power Co., Gante 20, 
Mexico City, Mex. 

MacFARLANE, GUY O’REAR, Sales Engineer, 
General Electric Co., 716 Southern Trust 
Bldg., Little Rock, Ark. 

*MACNABB, VERNON C., Instructor in Elec. 
Engg., Stevens Institute of Technology, 
Hoboken; res., East Orange, N. J. 

*MALONE, ANDREW, Laboratory Investigator, 
Elec. Laboratory, Western Electric Co., Inc., 
Chicago; res., Cicero, Ill. 

MANESCHI, EGIDIO, Special Student, Western 
Electric Co., Inc., Hawthorne; res., Cicero, 
Til. ° 

*MARISCAL, JOSEPH FRANCIS, Junior 
Electrical Engineer, Los Angeles Bureau of 
Power & Light, 120 E. 4th St., Los Angeles, 
Calif. 

MARSH, CLARENCE SPENCER, Engineer’s 
Associate, Philadelphia Electric Co., 2301 
Market St., Philadelphia; res., Collingdale, 
Pa. 

*MARSHALL, ALVIN JAMES, General Engg. 
Dept., Westinghouse Elec. & Mfg. Oo., 
East Pittsburgh; res., Pittsburgh, Pa. 

MARTELL, NUMAN ALLEN, Inspector, Mur- 
rie & Co., Inc., 45 E. 17th St., New York, 
INL 

*MARTZ, CLYDE JIMERSON, Electric 
Helper, Dixie Construction Co., Huntsville; 
res., Tuscaloosa, Ala. 

*MATHES, JOHN A., Elec. Testing Laboratory 
Foreman, United Hlectric Light & Power Co., 
514 W. 147th St., New York, N. Y. 

McDONALD, KENNETH MADISON, Asst. 
Professor of Mechanical Drawing, University 
of Alabama, University, Ala. 

McELWEE, JAMES M., Operator, Hell Gate 
Station, United Electric Light & Power Co., 
134th St. & Locust Ave., New York, N. Y. 


INSTITUTE AND RELATED ACTIVITIES 


*McILLHENNY, I. FRANKLIN, Junior Asst. 
Electrical Engineer, Panama Canal, Balboa 
Heights, C. Z. 

McLAUGHLIN, JOHN LAWRENCE, Jr., 
Publicity Work, Transformer Engg. Dept., 
General Electric Co., Pittsfield, Mass. 

MELTON, SHERMAN, Chief Electrical Engi- 
neer, West Kentucky Coal Co., Sturgis, Ky. 

MESEROLL, CHARLES AUGUSTUS, Con- 
struction Superintendent, Public Service 
Production Co., 80 Park Place, Newark; 
for mail, New Brunswick, N. J. 

MIERS, W. S., Valuation Field Man, Pacific 
Gas & Electric Co. San Francisco, Calif. 
*MILLER, CHARLES F., Transformer Engi- 

’ neering, General Electric Co., Pittsfield, Mass. 

*MILLER, JOHN MARSHALL, Instructor, 
Engg. Dept., Rice Institute, Houston, Texas. 

MILLER, WILBUR, Maintenance Dept., Louis- 
ville Gas& Electric Co., 311 W. Chestnut St., 
Louisville, Ky. 

MILLIGAN, JOHN I., Engineer, Westinghouse 
Elec. & Mfg. Co., 467 10th Ave., New York; 
res., Jackson Heights, N. Y. 

*MITCHELL, GILBERT, Student, Rutgers 
College, Hertzog Hall, New Brunswick, N. J. 

*MITHOUG, OTIS J., Electrical Engineer, 
Pittsburgh Transformer Co., Pittsburgh, Pa. 

MOAT, CHARLES WATSON, Inspector, Hydro- 
Electric Power Commission of Ontario, 190 
University Ave., Toronto, Ont., Can. 

*MOHR, ERNST JOHN, Instructor, Wisconsin 
Telephone Co., 418 Broadway, Milwaukee, 
Wis. : 

*MONK, NEWTON, Engineer, Dept. of Devlop- 
ment & Research, American Tel. & Tel. Co., 
195 Broadway, New York, N. Y. 

MOREIRA, R. ve SA, Inspector of Electric 
Traction, Paulista Railway, cia Paulista de E. 
Deferro, Sao Paulo, Brazil, So. Amer. 

MORGOGLIONE, VINCENT, Western Electric 
Co., Inc., 395 Hudson St., New York, N. Y. 

MOSER, FRANK L., Superintendent of Main- 
tenance Southern Power Co., Mercantile 
Bldg., Charlotte, N. CO. 

*MOSER, MATTHEW XAVIER, Central Office 


Inspector, Wisconsin Telephone Co. Madi- 
son, Wis. 

MOSHER, FREDERICK LLEWELLYN, 
Draftsman, Elec. Engg. Dept., Edison 
Electric Illuminating Co. of Boston, 39 
Boylston St., Boston; res., West Medford, 
Mass. 

MOUROMTSEFF, ILIA EMMANUEL Re- 


search Engineer, Westinghouse Elec. & Mfg. 
Co., East Pittsburgh; res., Wilkinsburg, Pa. 

*MULLIGAN, JOHN ROBERT ANTHONY, 
Engineering Assistant, Bell Telephone Co. of 
Penna., 261 N. Broad St., Philadelphia, Pa. 

MURPHY, HARLEY OTIS, Electrical Engineer, 
Stone & Webster, Inc., 147 Milk St., Boston, 
Mass. 

MURPHY, THOMAS FRANCIS, Estimator, 
New York Edison Co., 15th St. & Irving 
Place, New York, N. Y. 

MUSSELMAN, ROBERT DWAIN, Designing 
Engineer, A. ©. Engg. Dept., General 
Electric Co., Schenectady, N Y. 

NAYLER, JOHN BOYD, Testing Dept., General 
Electric Co., Schenectady, N. Y. 


*NEUMAN, J. JOHN, Electrical Engineer, 
National Sugar Refining Co., Front & 


Pidgeon Sts., Long Island City, N. Y. 

*NEWMAN, ALEXANDER FRED, Meter 
Engineer, The Stamford Gas & Electric Co., 
11-17 Bank St., Stamford, Conn, 

NICHOLSON, CHARLES H., Appraisal In- 
ventory, Murrie & Co. 45 E. 17th St., New 
York Nay, 

NICKLE, CLIFFORD AUGUSTINE, Electrical 
Engineer, General Electric Co., Schenectady, 
Nene 

*NIH, ALFRED T., Draftsman, Engg. Dept., 
New York Edison Co., 44 E. 23rd St., 
New York, N.Y. 


*NILE, JACK, Public Service Production Co,, 
86 Park Place, Newark,; res., Hilton, N. J. 


Journal A. I. E. E. 


NOEL, ARCHIE WILLIAM, Sales Engineer, 
Westinghouse Elec. & Mfg Co. 2201 West 
Pershing Road, Chicago, Ill. 

NYMAN, R. J., Charge, Costs & Statistical 


Records, Pullman Car & Mfg.-Co., 703 
Pullman Bldg., Chicago, Ill. 
OAKES, STANLEY B., Life Insurance, 1020 


Boatmen‘s Bank Bldg., St. Louis, Mo. 

O'DRISCOLL, GERALD CHARLES, Western 
Electric Co., Inc., 463 West St., New York, 
IN Nie 

OESPER, E. WILLIAM, Jr., Asst. to Chief 
Operator, Union Gas & Electric Co., Plum & 
Charles Sts., Cincinnati, Ohio. 

PACKER, LEWIS CHARLES, Designing Elec- 
trical Engineer, Small Motor Engg. Dept., 
Westinghouse Elec. & Mfg. Co., Springfield, 
Mass. 

PARMELEE, RICHARD H., Engineering As- 
sistant, The Counties Gas & Electric Co., 
Norristown, Pa. 

PATTISON, EDWARD JOHN, District In- 
spector, Government Telephones, Moosomin, 
Sask., Can. 

PEARCE, LEONARD GRAHAM, City Sales 
Agent, General Electric Co., Atlanta, Ga. 

PETERSON, THOMAS FRANKLIN, Engineer- 
ing Assistant, Charge of Cable Laboratory, 
Brooklyn Edison Co., Ft. Hudson Ave., 
Brooklyn, N.Y. 

*PHELPS, GEORGE E., Operating Research 
Bureau, Milwaukee Electric Railway & 
Light Co., 426 Public Service Bldg., Mil- 
waukee, Wis. 

PITA, RODRIGO, Chief Operator, Hydro- 
electric Plant, Riegos y Fuerza del Ebro, 
Apartado 21, Lerida, Spain. 

POHL, F. CLIFFORD, Engineer, Detroit 
Edison Co., 2000 Second Ave., Detroit, Mich. 

*POLLARD, GEORGE M., Engineer, Buffalo 
General Electric Co., Elec. Bldg., 39 E. 
Genesee St., Buffalo, N. Y. 

*POTTS, JOHN ARLINGTON, Engineer, The 
Milwaukee Electric Railway & Light Co., 
Public Service Bldg., Milwaukee;  res., 
Wauwatosa, Wis. 

*PRESTON, HAROLD R., Test Man, General 
Electric Co., 213 Seward Place, Schenectady, 
ING Ve 

PRESTON, JANSEN HASBROUCK, Asst. 
Engineer, New York State Bridge & Tunnel 
Commission, 233 Broadway, New York, 
N. Y.; res., Plainfield, N. J. 

RANDALL, PHINEAS M., Works Electrical 
Engineer, Westinghouse Elec. & Mfg. Co., 
Springfield, Mass. 

RANKINE, JAMES CALHOUN, Superintend- 
ent of Telegraph, Great Northern Railway, 
820 Great Nor. Gen’l. Offices, St. Paul, 
Minn. 

*REEVE, HOWARD EDGAR, Engineer, Des 
Moines Electric Co., 802 Locust St., Des 
Moines, Iowa. 

REVINGTON, WILLIAM DALY, Second 
Power House Engineer, Electric Tramways, 
Tramway Board, Christchurch, New Zealand. 

RICH, PHILIP X., Electrical Engineer, Miller 
Train Control Corp., 19 W. Harrison St., 
Danville, Il. 

*RICH ALBERT, Asst. Distribution Engineer, 
Union Electric Light & Power Co., 315 N. 
12th St. St. Louis, Mo. 

RIGAUT, EUGENE, Jr., Inspector, Brooklyn 
Edison Co., Inc., 561 Grand Ave., Brooklyn; 
res., New York, N. Y. 

*RISSBERGER, JOHN MATTHIAS, Elec- 
trician, Crown Willamette Paper Co. of 
bilo Linn, 1012 Jefferson St., Oregon City, 

re. 


*ROBINSON, LYMAN W., Transmission Line 


Engineer, Commonwealth Power Corp., 
Jackson, Mich. 
ROMMEL, EDMOND, Electrical Engineer, 


Union Miniere Du Haut Katanga of Brussels, 
67 Wall St., New York, N. Y. 
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*ROSS, EDWARD JALLEN, Jr., 
Engineer, Testing Dept., General Electric 
Co., Schenectady, N. Y. : 

ROSS, RALPH ROBERT, Industrial Engineer, 
Nebraska Power Co., 15th & Farnam Sts., 
Omaha, Nebr. 

*RUSSELL, CHARLES CLIFTON, Jr, Com- 
mercial Engg. Dept., Edison Lamp Works of 
General Electric Co., Harrison; res., Orange, 
IN Die : 

*SAMPSON, CLIFFORD L., Instructor, Elec. 
-Engg. Dept., University of Minnesota, 
Minneapolis, Minn. ‘ 

SANDERS, EDWARD CARLOS, Associate 
Editor, General Electric Review of General 
Electric Co., Schenectady, N. Y. 

*SANDMAN, DAVID, Salesman, Frank Ridlon 
Co., 251 A St., Boston; res., Worcester, Mass. 

*SAUNDERS, JOHN BRUCE, Radio Engineer, 
H. W. Newman Electric Co., 167 Princess 
; St., Kingston, Ont., Can. 

SCARPONI, RENE U., Inspector, Brooklyn 
| Edison Co., 380 Pearl St., Brooklyn, N. Y. 

*SCHEERING, WALTER SPENCER, Elec- 
trical Designer, Stone & Webster, Inc., 
Boston; res.,. Allston, Mass. 

*SCHMALMAACK, CHARLES L., Engineer, 
Georgia Railway & Power Co., Glenn Bldg., 
Atlanta, Ga. 

*SCHNEIDER, ELMER THOMAS, Tester, 
The New York Edison Co, 92 Vandam St., 
New York; res., Brooklyn, N. Y. 

SCHRAY, RALPH R. Manager & Electrical 
Engineer, Akron Motor & Generator Re- 
pair Co., 39 N. Valley St., Akron, Ohio. 

SCHREGARDUS, DIRK, Telephone Engineer, 
Ohio Bell Telephone Co., 4300 Euclid Ave., 
Cleveland, Ohio. ‘ 

*SCHULTZ, SOL ELI, Distribution Engineer, 
_ Consumers Power Co., Michigan Ave., 
West, Jackson, Mich. 

SCHWEIZER, FRED WILLIAM, Elec. Engg. 
Dept., Brooklyn Edison Co., 360 Pearl St., 
Brooklyn, N. Y. 

*SEAMAN, KERMIT GEORGE, Asst. Field 
Engineer, Public Service Co. of Colorado, 
Boulder, Colo. 

*SEELEY, HOWARD B., Elec. Engg. Assistant. 
Inside Plant Bureau, Brooklyn Edison Co., 
Brooklyn, N. Y. 

*SEIGMAN, PAUL OLIFFORD, Engineer, 
Philadelphia Suburban Gas & Electric Co., 
Wyncote; res., Easton, Pa. 

SEVERE, L. J., Draftsman, Electrical Design, 

4 Pacific Gas & Electric Co., 375 Sutter St., 
San Francisco; Berkeley, Calif. 

*SHAUGHNESS, CHARLES EDWARD, Jr., 
Law Student, Fordham Law School, Wool- 
worth Bldg., New York; res., Brooklyn, N.Y. 

SHEFFORD, JAMES HERBERT, Asst. En- 
gineer, General Radio Co., Ltd., 22 & 23 
Allsop St., London, N. W., England. 

*SIDWELL, LEONARD WILFORD, Instructor, 
Elec. Engg. Dept., University of Utah, 
Salt Lake City, Utah. 

SIGNEUL, RAGNAR, Designer, Stone & Web- 
ster, Inc., 147 Milk St., Boston, Mass. 

*SKILLMAN, WILLIAM THOMAS, Asst. 
Engineer, New York Telephone Co., 104 
Broad St., New York, N. Y. 

*SKINNER, VERNON ORLA, Transmission & 
Protection Man, Illinois Bell Telephone Co., 
212 W. Washington St., Chicago, Tl. 

SKOGLUND, CHARLES, Engineer, Wire & 
Insulations, River Works, General Electric 
Co., Lynn, Mass. 

*SLEEMAN, HAROLD PARKER, Asst. Elec- 
trical Engineer, The R. Thomas & Sons Co., 
East Liverpool, Ohio. 

*SMITH, CHARLES COBB, Engineer, Com- 
monwealth Edison Co., 72 W. Adams St., 
Chicago, Ill. 

SMITH, LEONARD HUIA, 100 Moxham Ave., 
Hataitai, Wellington, New Zealand. 

SNODGRASS, FRED C., Technical Employee, 
American Tel. & Tel. Co., 4300 Euclid Ave., 
Cleveland, Ohio. 


Student 


INSTITUTE AND RELATED ACTIVITIES 


STANSFIELD, DONALD WIEDER, Electrical 
Tester, Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. f 

ST. DENIS, CHARLES WALTER, Salesman, 
Scanlon Supply Co., 1216 Pine St., St. 
Louis, Mo. 

*STEARNS, MINER BRODHEAD, Section 
Chief, Testing, Western Electric Co., 1601 
Glenwood Ave., Philadelphia, Pa. 

STEBBINS, CHARLES, Chief Electrician, 12th 
St. Power Plant, Virginia Railway & Power 
Co., Richmond, Va. 

*STEINER, JOSEPH LOUIS, Repair Man, 
New York Telephone Co., Dey St., New 
York, N. Y; res., Guttenberg, N. J. 

*STEVENS, RICHARD FRANCIS, Student 
Engineer, Westinghouse Elec. & Mfg. Co., 
East. Pittsburgh; res., Sharon, Pa. 

*STEWART, D. O., Chief Draftsman, Niagara, 
Lockport & Ontario Power Co., 605 Lafayette 
Bldg., Buffalo, N. Y. 

STEWART, JOHN McCULLOCH, Student, 
Canterbury University College, Rolleston 
House, Christchurch; for mail, Canterbury, 
New Zealand. 

STOCKTON, FRANK HAMILTON, | Tester, 
Westinghouse Elec. & Mfg. Co., Sharon, Pa. 

*STODDARD, RAYMOND ROBERT, Asst. 
Engineer, Stationary Motor Dept., General 
Electric Co., Lynn, Mass. 

*STRAHAN, HENRY CLARK, Engg. Dept., 
Meter & Street Lighting Div., Central 
Hudson Gas & Electric Co., 50 Market St., 
Poughkeepsie; res., Arlington, N. Y. 

*SUHR, HERBERT F., Switchboard Man, 
Wisconsin Telephone Co., 861 37th St., 
Milwaukee, Wis. 

SUMMERS, HARRY ANDERSON, Member of 
Technical Staff, Bell Telephone Laboratories, 
Inc., 463 West St., New York, N. Y. 

*SWIEDOM, E. ALVIN, Industrial Control 
Engineer, General Electric Co., Schenectady, 
NY. 

*THOMPSON, ROBERT P., Field Man, Plant 
Engg. Dept., Pacific Tel. & Tel. Co., 416 
W. 8th St., Los Angeles; res., Glendale, 
Calif. 

THOMSON, CHARLES, General Superintend- 
ent, Otis Elevator Co. of Missouri, 2301 
Locust St., St. Louis, Mo. 

TODD, GEORGE CLINTON, Superintendent of 
Telegraph, Nickel Plate Railroad, 816 
Columbia Bldg., Cleveland, Ohio. 

*TRUBE, CARL EDWARD, Engineer, Ther- 
miodyne Radio Corp., 70 Woodland Road, 
Maplewood, N.J. : 

*TUBBS, WESLEY EARL, Engineer, Distribu- 
tion Engg. Dept., West Penn Power Co., 
14 Wood St., Pittsburgh, Pa. 

*TUCKER, WILMER H., Laboratory Engineer, 
The Hoover Co., North Canton; res., 
Canton, Ohio. 


*TUITES, CLARENCE EDGAR, Resident 


Engineer, Consumers Power Co., Saginaw, 


Mich. 

UNGAR, HANS, General Electric Co., Schenec- 
tady, N.Y. 

VAN DERBARK, CLOMER GLENN, Electrical 
Draftsman, Kansas City Power & Light Co., 
1330 Grand Ave., Kansas City, Mo. 

*VAN KEUREN, ROBERT G., Adjustment 
Division, Norton Co., 1 New Bond S8t., 
Worcester, Mass. 

VEITH, HERMAN EDWARD, Instructor, 
National Electrical School, 4006 South 
Figueroa St., Los Angeles; for mail, Glendale, 
Calif. 

*VIETH, WILLIAM F., Asst. Engineer, Research 
Laboratory, Western Electric Co., Inc., 
463 West St., New York, N. Y. 

*VINCENT, HENRY LEASK, Sales Dept., 
General Electric Co., 701 Electric Bldg., 
329 Alder St., Portland, Ore. 

VOEPEL, ERWIN WILLIAM CLARENCE, 
Electric Service Engineer, Westinghouse 
Elec. & Mfg. Co., 717 S. 12th St., St. Louis, 
Mo. 
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VOORHEES, JOHN SHARP, Engineering As- 
sistant, Brooklyn Edison O©Oo., Pearl & 
Willoughby Sts., Brooklyn, N. Y. 

*WARD, ALVIN O., Equipment Engineer, 
Western Electric Co., Inc., Chicago; res., 
Berwyn, Ill. 

WEIS, JOHN E., Supervisor of Installation Div., 
Union Electric Light & Power Co., 315 N. 
12th Blvd., St. Louis, Mo. 

WERRES, CHRISTIAN OTTO, Electrical 
Engineer, General Engg. Lab., General 
Electric Co., Schenectady, N. Y. 

WESTERMARK, ARTHUR, Electrical Service 
Inspector, Bureau of Power & Light, 120 E. 
4th St., Los Angeles, Calif. 

WHITMAN, VERNON ELEAZER, Asst. Physi- 
cist, Bureau of Standards, 108 E., Bureau of 
Standards, Washington, D. C. 

WICKUS, RALPH W., Tester, Wisconsin Power 

’ & Light Co., 900 Gay Bldg., Madison, Wis. 

WILDER, RALPH, Student, New York Elec- 
trical School, 39 W. 17th St., New York; 
res., Brooklyn, N. Y. 

WILLIAMS, NORMAN GEORGE, Local Man- 
ager, Gov’t Telephones, Melville, Sask., Can. 

*WILLIAMS, THOMAS W., Engineering As- 
sistant, The Bell Telephone Co. of Penna., 
1230 Arch St., Philadelphia, Pa. 

WILLIAMS, WILLIAM MERRILL, Century 
Electric Co., 1827 Pine St., St. Louis, Mo. 

WINTER, PAUL, Operating Dept., Brooklyn 
Edison Co., 6 Gold St. Station, Brooklyn, 
aN es 

WITKE, EMIL E., Instructor, National Elec- 
trical School, Figueroa & Santa Barbara Sts., 
Los Angeles, Calif. 

WOODCOCK, WILLIAM IRVIN, Control 
Engineer, Westinghouse Elec. & Mfg. Co., 
814 Ellicott Square, Buffalo, N. Y. 

ZEGLIO, LEON PETER, Asst. Elec. Foreman, 
Hudson Ave. Gen. Sta., Brooklyn Edison 
Co., Pearl & Willoughby Sts., Brooklyn, 
INANE 

Total 340 

*Formerly Enrolled Students 


ASSOCIATES REELECTED MARCH 13, 1925 


CANSFIELD, CHARLES ERNEST, Manager, 
Cansfield Electrical Works, 62 LombardSt., 
Toronto, Ont., Can. 

HARDIN, LEWIS HAMILTON, Electrical 
Engineer, Mees & Mees, 616 Johnson Bldg., 
Charlotte, N.C. 

ROTH, RAYMOND, Sales Manager, 30 Church 
St., New York, N. Y. 


MEMBERS ELECTED MARCH 13, 1925 


BENEDICT, SEYMOUR D., Electrical En- 
gineer, New York State Dept. of Architec- 
ture, Room 408 Capitol, Albany, N. Y. 

BOEHM, F. J., Vice-President, Union Electric 
Light & Power Co., 315 N. 12th St., St. 
Louis, Mo. 

DAHL, THORLEIF CARL HERMANN, Sales 
Engineer, Westinghouse Elec. & Mfg. Co., 
East Pittsburgh; res., Pittsburgh, Pa. 

DOANE, ROBERT E., Manager, Price & Cost 
Dept., Standard Underground Cable Co., 
17th & Pike Sts., Pittsburgh, Pa. 

ESTWICK, CHARLES F., Engineer, General 
Railway Signal Co., Rochester, N. Y. 

HUBERT, EDWARD HATOH, Secretary, 

; Meetings & Papers Committee, A.I. E. E., 
33 W. 39th St., New York; res., Hollis, N. Y. 

KEARNEY, JAMES R., Director of Electrical 
Sales, W. N. Matthews Corp., 3722 Forest 
Park Blvd., St. Louis, Mo. 

KINDL, CARL H., Designing Engineer, West- 
gineer, Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

PERKINS, ALBERT T., Manager for Re- 
ceiver, United Railways Co. of St. Louis; 
Consulting Engr., St. Louis Union Trust Co., 
St. Louis, Mo. 

ROBERTSON, ROBERT ROY, Asst. Engineer, 
Bureau of Power & Light, 207 S. Broadway, 
Los Angeles, Calif. 
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TRESCOTT, JOHN B., Engineer & Manager, 
Apparatus & Power Diyv., Commercial 
Electrical Supply Co., 320 S. Broadway, 
St. Louis, Mo. 


TRANSFERRED TO GRADE OF FELLOW 
MARCH 13, 1925 


SCOTT, CHARLES F., Professor of Electrical 
Engineering, Yale University, New Haven, 
Conn. 


TRANSFERRED TO GRADE OF MEMBER 
MARCH 13, 1925 


BONNETT, LELAND B.,Inside Plant Engineer, 
Electrical Engineering Dept., Brooklyn 
Edison Co., Brooklyn, N. Y.. 

BUSHER, JOSEPH E., Superintendent, Station 
Construction, Kansas City Power & Light 
Co., Kansas City, Mo. 

DORAN, JOHN E., Electrical Engineer, Electric 
Distribution Dept., Union Gas & Electric Co., 
Cincinnati, Ohio. 

OSWALD, ARTHUR A., Engineer, Research 
Dept., Western Electric Co., Inc., New 
BYionics UNiciY.s 

PERRY, O. M., Manager, Windsor Hydro- 
Electric Systems, Windsor, Ont., Can. 

PERRY, WILLIAM W., Electrieal Engineer, 
Binghamton Light, Heat & Power OCo., 
Binghamton, N. Y. 


RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its meeting held 
March 9, 1925, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the Secretary. 


To Grade of Fellow 


HARRISON, JAMES, Engineer, General Engi~ 


neering Dept., Southwestern Bell Telephone 
Co., St. Louis, Mo. 

PORSKIEVIES, ANTHONY J., Motor Engi- 
neer, Electric Controller & Manufacturing 
Co., Cleveland, O. 


To Grade of Member 


JENNINGS, F. R., Manager & Owner, F. R. 
Jennings Co., Detroit, Mich. 

ORCUTT, DANIEL P., Assistant Manager, 
Electric Storage Battery Co., New York, 
ING SY 

REHMAN, NORMAN J., Assistant Engineer, 
New York Telephone Co., New York, N. Y. 

SIDLE, WALTER P., Bridgeport Service 
Manager, Westinghouse Electric & Mfg. Co., 
Bridgeport, Conn. 

STAFFORD, HARRY E., Electrical Engineer, 
Provincial Paper Mills, Ltd., Port Arthur, 
Ont. 

WATERS, WILLIAM A., Electrical Engineer, 
Manawatu-Oroua Electric Power Board, 
Palmerston North, New Zealand 

WHITEFIELD, WILLIAM I., Superintendent, 
Lighting & Power, Roanoke Railway & 
Electric Co., Roanoke, Va. 


APPLICATIONS FOR ELECTION 
Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admis- 
sion as an Associate. If the applicant has applied 
for direct admission to a higher grade than asso- 
ciate, the grade follows immediately after the 
name. Any member objecting to the election 
of any of these candidates should so inform the 
Secretary before April 30, 1925, 
Aizanman, L. E., Western Electric Co., Inc 
Oakland, Calif. 
Alpern, H., J. L. Murrie & Co., Inc., New York, 
IN Y : 
Anderson, H. R., Great Western Power Co., 
San Francisco, Calif. 
Armstrong, W. J., Canadian General Electric Co., 
Toronto, Ont., Can. 


” 


Axmacher, M., New York Edison Co., New York,,. 


INES Yi 


INSTITUTE AND RELATED ACTIVITIES 


Barber, E. L., Southwestern Bell Telephone Co., 
St. Louis, Mo. 
(Applicant for re-election) 

Bates, J. W., Duquesne Light Co., Springdale, Pa. 

Binks, J. E., Public Service Production Co. of 
N. J., Paterson, N. J. 

Blenden, H. A., Southwestern Bell Telephone Co., 
St. Louis, Mo. 

Borislavsky, M. A., Freed-Eiseman Radio Corp., 
Brooklyn, N. Y. 

Breaznell, J. G., Murrie & Co., Inc., New York, 


IN : 
Bruyning, E. L., Brytone Radio Laboratories, 
New York, N. Y. ‘ 


Burnett, J. A., Lehigh Coal & Navigation Co., 
Lansford, Pa. 

Burroway, A. O., Cincinnati & Surburban Bell 
Tel. Co., Cincinnati, Ohio 

Carpenter, R. C., Bryan Electric Co., Atlanta, Ga. 


Carson, R. W., Toronto Hydro System, Toronto, 
Ont., Can. 

Casciati, A. M., T. E. Murray, Inc., New York, 
I Be eg 

Champe, W., Commonwealth Power Corp., 


Jackson, Mich. 

Clark, 8. M., New Park Rolling Mill Co., New 
Park, Ky.; for mail, Cincinnati, Ohio 

Cohn, M., Northway Radio Co., Bronx, New 
York Nig ys 

Congilose, F., 
Work; INGXe 

Conrey, D. W., So. California Telephone Co., 
Los Angeles, Calif. 

Cooper, F. E., Virginia Railway Co., Norfolk, Va. 

Copeland, R. M., Partner, Copeland & Copeland, 
Jersey City, N. J. 


Interborough Rapid Co., New 


Davis, G. P., Philadelphia Electric Co., Phila- 
delphia, Pa. 

Davis, H. S., Philadelphia Electric Co., Phila- 
delphia, Pa. 

Davis, W. H., Simplex Wire & Cable Co., Chicago, 
Ill. 

Dresel, R., Pacific Gas & Electric Co., Oakland, 
Calif. 


Ducharme, F. L., Canadian & General Finance 
Co., Ltd., Toronto, Ont., Can. 

(Applicant for re-election.) 

Eardley, M. V., Bureau of Pr. &. Lt., City of 
Los Angeles, Los Angeles, Calif. 
(Applicant for re-election) 

Elliott, J. E., Southwestern Gas & Electric Co., 
Texarkana, Tex.; Ark. 
Falkiner-Nuttall, G. R., (Member), Great 
Western Power Co., San Francisco, Calif. 
Feitig, E. A., Union Gas & Electric Co., Cin- 
cinnati, Ohio. 

Fluck, E. G. Lawrence Portland Cement Co., 
Northhampton, Pa, 

Foley, J. G., Brooklyn Edison Co., Brooklyn, 
ING Ys 

Fox, H. S., Western Union Tel. Co., Atlanta, Ga. 

French, W. P., Puget Sound Power & Light Co., 
Seattle, Wash. 

Fusco, A. A., Freed-Eisemann Radio Corp., 
Brooklyn, N. Y. 

Garner, L. P., University of Illinois, Urbana, Ill. 

Geertsen, V. H., Cleveland Union Terminals Co., 
Cleveland, Ohio 


Germain, G. B., South Dakota School of Mines, 
Rapid City, 8. Dakota 

Gottfried, H. W., (Member), Siemens-Schuckert: 
Mexico, D. F., Mex. 

Green, G. E., Lewis Institute, Chicago, Ill. 

Gregory, OC. N., General Electric Co., Hartford, 
Conn. 

Grenell, A. F., 
Chicago, Ill. 

Groves, W. M., Jr., Southwestern Bell Tel. Co., 
St. Louis, Mo. 

Guest, W. T., Lieut. Signal Corps, 
Camp Alfred Vail, N. J. 

Guy, D. J., (Member), Federal Power Commis- 
sion, Washington, D.C. 

Gysi, M., Brooklyn, Edison Co., Brooklyn, N. Y. 

Haley, H. D., General Electric Co., Lynn, Mass. 


Illinois Bell Telephone Co., 


U.S.A, 


Journal A. I. E. E. 


Hall, W. C., Illinois Bell Telephone Co., Chicago, 


Tl. 
Hall, W. F., New York Calcium Light Co., New 
York, N. Y. 


Harrington, E. O., Staten Island Edison Corp., 
Livingston, S.I., N. Y. 

Hearne, A. W., W. R. Ostrander & Co., New 
orks Nie x. 

Herberger, T. R., Murrie Engg. Co., New York, 
INS. N45 

Hirsch, G. O., General Electric Co., Lynn, Mass. 

Howe, D. E., Southern California Telephone Co., 
Los Angeles, Calif. 

Hunsicker, O. F., Champion Coated Paper Co., 
Hamilton, Ohio 

Jones, P. H., Buchanan Rural Telephone Co., 
Ltd., Buchanan, Sask., Can. 

Jones, S. G., Southwestern Bell Telephone Co., 


St. Louis, Mo. 
Kirtley, CO. J., Pacific Gas & Electric Co., Oakland, 
Calif. 


Kline, C. A., J. L. Murrie Co., New York, N. Y. 

Klingmann, G., Dubilier Radio & Condenser 
Corp., New York, N.Y. 

Klinkert, P. A., Wagner Electric Corp., 
Louis, Mo. , 

Knowlton, F. K., (Member), M. D. Knowlton Co., 
Rochester, N. Y. 
(Applicant for re-election) 

Krasovec, R. A., Hudson Coal Co., Vandling, Pa. 

Langwig, F.I., New York Telephone Co., Albany, 
Nery 

Litterst, G. H., Public Service Elec. & Gas Co., 
Newark, N. J. 

Little, J. P., Jr., University of Florida, Gaines- 
ville, Fla. 

Lynn, H.H., Murrie & Co., Inc., New York, N. Y. 

Mack, E. J., New York Electrical School, New 
York; NeiYe 

Mahan, W. J., Building Dept., City of New 
Haven, New Haven, Conn. 

Manson, W. B., Holmes Electric Protective Co., 
New York, N. Y. 

McCready, R. I., Otis Elevator Co., Yonkers, 


St. 


IN Ys 

McLaughlin, J. L., Precise Mfg. Corp., Rochester, 
Nes 

McStroul, L., Electrical Contractor, 1813 Peach 
St., Erie, Pa. 


Menzel, A. F., Caribou Plant, Great Western 
Power Co., Caribou, Calif. 
(Applicant for re-election) 

Middleton, R. A., with Joseph T. Fewkes, 
137 N. 12th St., Philadelphia, Pa. 

Miller. D. B., Coyne Electrical School, Chicago, 
I. 

Moore, W. C., Jr., New York Telephone Co., 
New York, N. Y. 


Morrissey, E. J., (Member), Allis-Chalmers Mfg. 
Co., Milwaukee, Wis. 


Mustafa, 8., Fairbanks Morse & Co., Beloit, Wis. 
Newbury, A. W., General Electric Co., Schenec- 


tady, N. Y. 

O'Bryan, L., General Electric Co., Schenectady, 
ING Ys 

Oliver, A. J., Ohio Bell Telephone Co., Cleveland, 
Ohio 

Peterson, H. A., Sargent & Lundy, Inc., Chicago, 
Ill. 

Pilgrim, C. O., (Member), Locke Insulator Corp., 
Chicago, Ill. 

Plenge, W. C., Crocker Electric Co., New York, 
INT NS 


Presley, E. E., The New York Edison Co., 
New York, N. Y. 

Pyle, J. C., Standard Underground Cable Co., 
Los Angeles, Calif. 
(Applicant for re-election) 

Pyle, W. A. F., Electrical & Radio Business, 
Wilmington, Del. 

Rapley, F. A., Koppel Industrial Car & Equip- 
ment Co., Koppel, Pa. 

Rhodes, G. L., Puebla Tramway, Light & Power 
Co.,{Puebla, Pue., Mexico 
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Rossire, H. L., 18 Lattin Drive, Yonkers, N. Y. 

Salven, S. A. L., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Sandfort, M., The Pacific Tel. & Tel. Co., San 
Francisco, Calif. 

Sawyer, M. A., The Pacific Tel. & Tel. Co., 
Los Anglels, Calif. ‘ 

Sayer, H. J., Jarvis Electric Co., Vancouver, 
Bao. 
Schlacks, H. V., Lineman, 
' City Hall, Chicago, Ill. 
Settoon, L. L., United Fruit Co., Bocas, Del 
Tore, Panama 

Shaifer, C. W., General Electric Co., Schenectady, 
INGEY > 

Shapiro, M. H., Brooklyn Edison Co., Brooklyn, 
INFeY< 

Sheely, R. R., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Shor, S., Royal Switchboard Co., New York, N. Y. 

Shorrock, E., General Electric Co., Boston, Mass. 

Shull, L. P., Standard Underground Cable Co., 
Chicago, Il. 7 

Sinex, R. T., Puget Sound Power & Light Co., 
Seattle, Wash. 

Smith, G. C., Salt River Valley Water Users 
Association, Roosevelt, Ariz. 

Stern, S., Experimenter Publishing Co., New 
Wend aN Oe 

Stirling, L. B., Shawinigan Water & Power Co., 
Montreal, Que., Can. 

Stonestreet, N. V., Philadelphia Electric Co., 
Philadelphia, Pa. 

Strahan, R. B., 189 Roseville Ave., Newark, N. J. 

Terrell, L. S., Western Union Tel. Co., Atlanta, 
Ga. 

Terwilliger, C. V., (Member), Ohio State Univer- 
sity, Columbus, Ohio * 

Thistlewhite, R., Dept. of Elec., Jefferson High 
School, Los Angeles, Oalif. 
(Application for re-election) 

Tillotson, P. M., Edison Electric Iluminating Co., 
Boston, Mass. 

Tzougros, G. J., Public Service Electric & Gas 
Co., Newark, N. J. 

Van Eyk, P., New York Telephone Co., New 
Work. Ni. Y- 

Velasco, J., Jr., Milwaukee Electric Railway & 
Light Co., Milwaukee, Wis. 

Vogel, P. J., Dept. of Public Service, City of Los 
Angeles, Los Angeles, Calif. 

Vollmer, K. J., Molony Electric Co., St. Louis, 
Mo. 

Wagner, R. T., (Member), General Electric Co., 
Schenectady, N. Y. 

Wallin, M. R., Union Electric Light & Power Co., 
St. Louis, Mo. 

Weeks, O. B., Murrie & Co., New York, N. Y. 

Wennerstrom, A. W., General Electric Co., 
Erie, Pa. 

White, T. C., McClellan & Junkersfeld, Inc., 
St. Louis, Mo. 

Whitlock, C. H., Samson Cutlery Co., Rochester, 


City of Chicago, 


INE Y;: 

Wilson, R. D., Ohio Public Service Co., Alliance, 
Ohio 

Woods, H. J., Missouri Inspection Bureau, 
St. Louis, Mo. 


Yates, G. A., Habirshaw Electric Cable Co., Inc., 


Yonkers, N. Y. 
Zink, M., Borchard Affiliations, New York, N. Y. 


Total 125 


Foreign 
Alauddin, R., G. I. P. Ry. Works, Jhansi, U. P., 
India 
fujino, S., Kumamoto Electric Co., Kumamoto, 
Japan ~ 
Grainger, A. H., with Ww. H. Alexander, Belfast, 
Ireland 


Hansen, H. H., Compania Azucarera El Ejemplo, 
Central El Ejemplo, Humacao, Porto Rico. 

Kozai, Y., Railway Dept. of Japanese Gov't., 
Tokyo, Japan. 

Kwong, F. K., Toi-shan Electric Light & Power 
Co., Ltd., Hongkong, China. 

Kynaston, B. H. J., A. Holt & Co., Liverpool, 


Eng. 
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Potter, W. H., New Zealand 
Hamilton, N. Z. ; 


Raven-Hart, R. J. M., (Member), Transandine 
Railways, Los Andes, Chile, 8. A. 

Young, J. F., Kilburn & Co., Calcutta, India 

Total 10 


Government, 


STUDENTS ENROLLED 
MARCH 13, 1925 


Allen, Roger W., Mass. Institute of Technology 

Arnell, John ©., Brooklyn Polytechnic Institute 

Bell, Ralph W., Kansas State Agricultural College 

Bidne, Bernell, South Dakota State College of 
A. & M. Arts 

Blazer, James P., Eng. School of Milwaukee 

Brady, Eugene L., Kansas State Agricultural 
College 

Breithaupt, C. Crothers, 
Technology 

Briden, Osborne W.. Brown University 

Briggs, Frank S., Engg. School of Milwaukee 

Brown, John H., Brown University 

Carlson, Elmer T., Northeastern University 

Cerf, Edgar A., Jr., Georgia School of Technology 

Chen, T. Y., Harvard University 

Chow, Y. W., Mass. Institute of Technology 

Clark, Edwin L., State College of Washington 

Cobb, Lewis E., Northeastern University 

Collins, Willis C., Denver University 

Coons, Donald L., University of Idaho 

Cooper, Roland R., South Dakota State College 

Cottrell, Burdett P., University of Arizona 

Cram, Esmond B., Clarkson College of Technology 

Crawford, Royce, C., Alabama Polytechnic 
Institute 

DeShazo, Jefferson S., Cornell University 

Dickerhoff, James F., Pennsylvania State College 

Dulley, William C. W., Mass. Inst. of Technology 

Dunean, William S., University of Illinois 

Eatherton, Clarence Z., Ohio Northern University 

Ebert, Emil F., University of Wyoming 

Etienne, Alexander J., Rensselaer Polytechnic 
Institute 

Evans, Clifford A., Pennsylvania State College 

Ewald, Louie J., Engg. School of Milwaukee 

Fairburn, Abraham J. B., Penn. State College 

Faruqui, Mumtaz A., Oregon Agricultural College 

Fleak, Roy E., University of Arkansas 

Floyd, Middleton B., Georgia 
Technology 

Gamble, William, South Dakota State College 

Garbrick, J. Henry, Pennsylvania State College 

Gilmore, Rolf B., University of Wyoming 

Godley, Edgar B., Rice Institute 

Gottschall, Sidney E., City College of New York 

Graybrook, H. B., Purdue University 

Grzeskowiak, Lawrence S., University of 
Wyoming 

Haendler, Anton T., Northeastern University 

Helgason, Arni, University of Wisconsin 

Hentschel, Herman F., Engg. School of Milwaukee 

Hill, R. Frank, Virginia Military Institute 

Hinckley, Alfred D., Columbia University 

Hinckley, W. G., Purdue University 

Hosking, Harry, Newark Technical School 

Howe, Ramon R., Purdue University 

Jackson, Earl E., University of Oklahoma 

Jackson, William E., Brown University 

Johnson, Hobart M., Washington State College 

Jones, Herbert R., Jr., Pennsylvania State College 

Jones, Thomas L., Harvard University 

Karr, Herbert S., University of Washington 

Karsten, Edgar J., University of Iowa 

Keeler, Mark V., Purdue University 

Keim, Frank G., Lafayette College 

Kent, Oliver C., Engg. School of Milwaukee 

Killian, Thomas J., Mass. Institute of Technology 


Georgia School of 


School of 


‘King, Alfred T., Drexel Institute 


King, Ernest C., Stanford University 

King, Ralph E., Purdue University 

Kirkpatrick, W. V., Purdue University 

Kreer, John G., Jr., University of Illinois 

Krieble, Kieth N., Oklahoma A: & M. College 

Landesberg, Martin M., Brooklyn Polytechnic 
Institute 

Larson, O. Theodore, 
Institute 


Rensselaer Polytechnic 
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Laycock, John K., 
Technology 
LeRoy, Holden M., Oregon Inst. of Technology 

Lewin, George, Cooper Union 
Lewis, Richard ©., Stanford University 
Linn, Floyd A., Purdue University 
Lippert, Leo H., South Dakota State College 
Locke, Walter J., South Dakota State College 
Loosen, Max H., Oklahoma A. & M. College 
Ludwig, Gerald C., University of Notre Dame 
MacNeil, Charles I., Drexel Institute 
Makarov, Alexis, University of Arizona 
Martin, Ben F., Engg. School of Milwaukee 
Mayes, Leonard E., University of Missouri 
Mee, Charles L., University of Illinois 
Mielke, Irven S., Engg. School of Milwaukee 
Miller, Harry, University of Toronto 
Miner, J. Durward, Jr., Brown University 
Morse, John A., Worcester Polytechnic Institute 
Morton, George A., Mass. Institute of Technology 
Morton, William, South Dakota State College 
Murray, Everett M., University of Wyoming - 
Nace, Melvin F., Johns Hopkins University 
Nadler, Charles S., Cooper Union 
Needham, Gordon H., Brown University 
Newcomer, Garfield H., Penn. State College 
Oehler, John F., Rensselaer Polytechnic Institute 
Olney, Hendrick A., Brown University 
Ossinovsky, Joseph, Rensselaer Poly. Inst. 
Owen, J. Clements, Virginia Military Institute 
Patton, Howard G., Newark Technical School 
Pepoon, Philip W., Jr., University of Wyoming 
Peterson, Arthur F., Columbia University 
Peterson, Chester, Mass. Institute of Technology 
Petruska, John, Rensselaer Polytechnic Institute 
Pingel, Alfred W., Engg. School of Milwaukee 
Potter, Vernon M., Rensselaer Polytechnic 
Institute 
Price, Gordon F., Georgia School of Technology 
Reindle, Alfred F., Engg. School of Milwauke 
Richards, John H., Stanford University 
Rietz, G. A., South Dakota State College of A. & 
Arts = 
Robbins, Charles L., Rensselaer Polytechnic 
Institute 
Rommel, Edward J., University of Michigan 
Ross, Ladner V., Oregon State College 
Ruzich, John L., Armour Institute of Technology 
San, ©. J., Purdue University 
Sangster, F. Allan, University of Toronto 
Schonfeld, Martine F., Purdue University 
Schuler, Reginald G., Armour Institute of 
‘Technology 
Scripps, William W., Mass. Inst. of Technology 
Sease, Will S., Yale University 
Seaverson, Oswald, University of Wyoming 
Seim, Edward R., Mass. Inst. of Technology 
Servatius, Oswald F., Chicago Technical College 
Setzer, Martin W., Engg. School of Milwaukee 
Shanley, Fred D., Ohio Northern University 
Shinbur, Virgil D., University of Wyoming. 
Sipkin, George, Cooper Union 
Skeats, Wilfred F., Columbia University 
Sliney, David, Cooper Union 
Smith, George R., Tri-State College 
Smith, John C., Ohio State University 
Soler, Harold R., Rensselaer Polytechnic Institute 
Sprankel, George K., Ohio Northern University 
Stevens, William A., Drexel Institute 
Stoughton, Charles B., Norwich University 
Stritehoff, Donald A., Johns Hopkins University 
Svoboda, Charles, South Dakota State College 
Teele, Ray P., Jr., George Washington University 
Tellkamp, Bernhard F., Purdue University 
Thayer, William L., Stanford University 
Thompson, Gerald E., Ohio Northern University 
Thrasher, Marvin J., University of Arkansas 
Tilyou, Ivon B., Rensselaer Polytechnic Institute 
Turner, Raymond W., Rhode Island State College 
Vance, Clarence G., Michigan Agricultural College 
Van Horne, J. Corliss, University of Wyoming 
Wagener, Earl §., Pennsylvania State College 4% 
Walker, Haines K., Georgia School of Technology 
Wilsey, Kenneth O©., Rensselaer Polytechnic 
Institute 
Wilson, James, City College of New York 
Zachry, Charles C., Alabama Polytechnic Institute 
Total 150. 


Jr., Georgia. School of 
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OFFICERS OF A. I. E. E. 1924-1925 


President 


FARLEY OsGooD 


Junior Past Presidents 


Harris J. RYAN FRANK B. JEWETT 


Vice-Presidents 


J. E. MacponaLp EDWARD BENNETT 


HERBERT S. SANDS JOHN HARISBERGER 
Harorp B. SMITH 
L. F. MOREHOUSE 


H. W. EALEs 


S. E. M. HENDERSON 
H, E. Bussey 
WILLIAM F. JAMES 


Managers 


H. M. Hopart 
ERNEST LUNN | 


R. B. WILLIAMSON 
A. G. PIERCE 


HARLAN A. PRATT G. L. Knicut 
Witiram M. McCoNnaHEy JoHN B. WHITEHEAD 
W. K. VANDERPOEL J. M. BRYANT 


H, P. CHARLESWORTH E. B. MERRIAM 


Treasurer Secretary 


GEORGE A. HAMILTON F, L. HutTcHrnson 


Honorary Secretary 
RALPH W. POPE 


LOCAL HONORARY SECRETARIES 


T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina 

Carroll M. Mauseau, Caixa Postal No. 571, Rio de Janeiro, Brazil 
Charles le Maistre, 28 Victoria St., London, S. W., 1, England 

A. S. Garfield, 45 Bd. Beausejour, Paris 16 E, France 

H. P. Gibbs, Tata Sons, Ltd., Navsari Building, Fort Bombay, India 
Guido Semenza, 39 Via Monte Napoleone, Milan, Italy 

Eiji Aoyagi, Kyoto Imperial University, Kyoto, Japan 

Axel F. Enstrom, 24 A Grefturegatan, Stockholm, Sweden 

‘W. Elsdon-Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa © 


A. I. E. E. COMMITTEES 


(A list of the personnel of Institute committees may be found in the January 
issue of the JOURNAL.) 


GENERAL STANDING COMMITTEES AND CHAIRMEN 


EXECUTIVE, Farley Osgood 

Finance, G. L. KNIGHT 

MEETINGS AND Papers, L. W. W. Morrow 
PUBLICATION, Donald McNicol 


Journal A. I. E. E. 


CoorpINATION OF INSTITUTE ACTIVITIES, Frank B. Jewett 
Brp or Examiners, H. H. Norris 

Sections, Harold B. Smith 

STUDENT BRANCHES, C. E, Magnusson 

MEMBERSHIP, E. E. Dorting 

HEADQUARTERS, E. B. Craft 

Law, L. F. Morehouse 

Pustic Poticy, H. W. Buck 

Copr oF PRINCIPLES OF PROFESSIONAL ConbuCcT, John W. Lieb 
SaFETY CopEs, Paul Spencer 

STANDARDS, H. S. Osborne 


Epison MeEpAL, Gano Dunn : 
COLUMBIA UNIVERSITY SCHOLARSHIP, Francis Blossom 


AWARD OF INSTITUTE Prizes, L. W. W. Morrow 


TECHNICAL COMMITTEES AND CHAIRMEN 


ComMUNICATION, O. B. Blackwell 

EpucaTion, Harold Pender 

ELEcTRICAL MACHINERY, H, M. Hobart 

ELECTROCHEMISTRY AND ELECTROMETALLURGY, George W. Vinal 
Evectropuysics, J. H. Morecroft % 
INSTRUMENTS AND MEASUREMENTS, A. E. Knowlton 
APPLICATIONS TO IRON AND STEEL PropuctTion, F. B. Crosby 
PRODUCTION AND APPLICATION OF LiGHT, G. H. Stickney 
APPLICATIONS TO MARINE WorK, L. C. Brooks 

APPLICATIONS TO MINING Work, F. L. Stone 

GENERAL POWER APPLICATIONS, A. E. Waller 

Power GENERATION, Vern E. Alden 

PoweER TRANSMISSION AND DISTRIBUTION, Percy H. Thomas 
PROTECTIVE Devices, H. R. Woodrow ‘ 
RESEARCH, John B. Whitehead 


A. I. E. E. REPRESENTATION 


(The Institute is represented on the following bodies; the names of the 
representatives may be found in the January issue of the JOURNAL.) 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, COUNCIL 

AMERICAN BUREAU OF WELDING 

AMERICAN COMMITTEE ON ELECTROLYSIS 

AMERICAN ENGINEERING COUNCIL 

AMERICAN ENGINEERING STANDARDS COMMITTEE 

AMECICAN MARINE STANDARDS COMMITTEE 

APPARATUS MAKERS AND USERS COMMITTEE 

BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY 

CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND COMMITTEE 

ENGINEERING FOUNDATION BOARD 

JouN Fritz MEDAL Boarp oF AWARD 

Joint CONFERENCE COMMITTEE OF FouR FOUNDER SOCIETIES 

LIBRARY Boar», UNITED ENGINEERING SOCIETY 

NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE 

NATIONAL FrRE WASTE COUNCIL 

NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 

SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION, BOARD OF INVESTI- 
GATION AND COORDINATION 

U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 

U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ILLUMINATION ComM- 
MISSION 

WASHINGTON AWARD, COMMISSION OF 

WoRLp’s CONGRESS OF ENGINEERS—1926, BOARD oF MANAGEMENT 


ve 
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LIST OF SECTIONS 


Name Chairman Secretary 
Akron J. T. Walther RF. be Pansiaives, 3 F. Good- 
. tich Co., ‘on, Ohio 
Atlanta W. R. Collier ey Pye, Box 1743, Atlanta, 
a. : 
Baltimore W.B.Kouwenhoven SABRC ouied Lexington Building, 
altimore, : 
Boston F. S. Dellenbaugh WB Colburn, 39 Boylston St., 
oston, Mass. 
Chicago G. H. Jones coer Wek Ree 1000: Edison 
5 g., Chicago, Ill. 
Cincinnati O. Shepard nea sy a iets Sere & 
ectric Co., Cincinnati, O. 
Cleveland C. P. Cooper R. ay eke. Ane oc Road, 
ast Cleveland, O. 
Columbus F. R. Price oO. Hye alas ees Franklin Ave., 
4 , olumbus, O. 
Connecticut Wm. A. Moore A. E. Knowlton, Dunham Lab- 
Sata OP hat University, New 
aven, Conn. 
Denver W. C. Du Vall R. i Seg EES hone Soe: 
x ~Q, Box ,Denver, Colo. 
Detroit-Ann Arbor F. L. Snyder G. B. McCabe, Detroit Edison 
Co., Detroit, Mich. 
Erie B. L. Delack a - ae General Electric 
o., Erie, Pa. 
Fort Wayne A. B. Campbell is preens Gensral Electric Co., 
. . . Wayne, Ind. 
Indianapolis-Lafayette W. A. Black Victor T. Mavity, 539 N. Capi- 
tol Ave., Indianapolis, Ind. 
Ithaca J. G. Pertsch, Jr. oe a inane saeeke Univer- 
F sity, Ithaca, N. ¥. 
Kansas City D. D. Clarke G. or erdth Baneas. menart 
r t. Co., Kansas City, Oo. 
Lehigh Valley J. L. Beaver G. W. Brooks, Penna. Power & 
3 Light Co., Allentown, Pa. 
Los Angeles C. A. Heinze R. A. Hopkins, 420 S. San 
; Pedro St., Los Angeles, Calif. 
Lynn B. W. St. Clair ae Se General Electric 
‘ o., Lynn, Mass. 
Madison R. G. Walter Leo J. Peters, Elec. Laboratory, 
: pay of Wisconsin, Madi- 
son, Wis. 
Mexico D. K. Lewis E. ro ees ae No. 111, 
: exico, D. F., Mexico 
Milwaukee C. T. Evans F. K. Brainard, Allis-Chalmers 
E Mfg. Co., West Allis, Wis. 
Minnesota E. H: Scofield ear een ers Gas 
ight Co., St. Paul, inn. 
Nebraska P. M. McCullough C. ate cen 509 See alice 
uilding, Omaha, Neb. 
New York H. H. Barnes, Jr. See. i seeae ee E. 15th St., 
ew York, N. Y. 
Niagara Frontier J. Allen Johnson A. W. Underhill, Jr., 605 Lafa- 
yette Building, Buffalo, N. Y. 
Oklahoma T. M. Fariss aaa Sra Box 382, Bartles- 
e, a. 
Panama F. B. Coyle ar ‘PS pe eminesr vee 174, Bal- 
oa Heights, ©. 2. 
Philadelphia C. D. Fawcett R. H. Silbert, Philadelphia Elec. 
ees Market St., Phila- 
‘ elphia, Pa. 
Pittsburgh M. E. Skinner G. S. Humphrey, West Penn 
Akg es 14 Wood ‘St., 
ittsburgh, Pa. 
Pittsfield N. F. Hanley ie =e ame once Electric Co., 
ittsiield, ass. 
Portland, Ore. H. P. Cramer Lindsley W. Ross, Pacific Tele- 
phone and Telegraph ‘Co;, 
Park and Burnside, Portland, 
re. 
Providence W. B. Lewis F.-N. Tomerne, Brown Univer- 
sity, Providence, R. I. 
Rochester F. T. Byrne E. A. Reinke, Stromberg-Carlson 
Tel. Mfg. Co., Rochester, N. Y. 
St. Louis B. D. Hull woe H bab of 315 N. 12th St., 
t. Louis, oO. 
San Francisco F. R. George A; = J cee, 807 eos Building, 
an Francisco, Calif. 
Schenectady J. R. Craighead W. E. Saupe, Test Dept., Gen- 
: grat a Sea Co., Schenec- 
tady, N. Y. = 
Seattle J. Hellenthal C. E. Mong, 505 Telephone 


Southern Virginia 


Spokane 


Springfield, Mass. 


Syracuse 


Toledo 


Toronto 
Urbana 
Utah 
Vancouver 


Washington, D. C. 
Worcester 


Total 49 


H. B. Hawkins 
J. S. McNair 


G. W. Atkinson 
W. C. Pearce 


Pp. R. Knapp 
H. C. Don Carlos 


Chas. T. Knipp 
H. W. Clark 
C. N. Beebe 


J. H. Ferry 
S. M. Anson 


Bldg., Seattle, Wash. E 

E. W. Trafford, 1030 W. Franklin 
St., Richmond, Va. 

Joseph Wimmer, Home Tel. & 
Tel. Co., 165 S. Howard St., 
Spokane, Wash. : 

J. Frank Murray, United Elec. 
Lt. Co., Springfield, Mass. 

L. N. Street, College of Applied 
Science, Syracuse University, 
Syracuse, N. Y. 

Max Neuber, 1257 Fernwood 
Ave., Toledo, O. 

W. L. Amos, Hydro Elec. Power 
Commission, 190 University 
Ave., Toronto, Ont. § 

Charles A. Keener, 308 Electrical 
Laboratory, University of Il- 
linois, Urbana, Ill 

John Salberg, W.E. & M. Co., 
Salt Lake Terminal Bldg., Salt 
Lake City, Utah / . 

A. Vilstrup, B. C. Electric Rail- 
way Co. 425 Carrall St., 
Vancouver, B. C. . , 

Frank R. Mueller, Bliss Electrical 
School, Washington, D. C. 

Fred B. Crosby, 15 Belmont St., 
Worcester, Maas. 


LIST OF BRANCHES 


Name and Location Chairman 
Alabama Poly Inst., Auburn, Ala. R. A. Betts 
Alabama, Univ. of, University, Ala. C. M. Lang 


Arizona, Univ. of, Tucson, Ariz. Edward Moyle 
Arkansas, Univ. of, Fayetteville, Ark. Hugh McCain 
Armour Inst. of Tech., Chicago, Ill. A. L. Steamwedel 


Brooklyn Poly Inst., Brooklyn, N.Y. W. A. Ock 
Bucknell Univ., Lewisburg, Pa. W. A. Stevens 
California Inst. of Tech., Pasadena W. A. Lewis 
California, Univ. of, Berkeley, Calif. R.A. Hurley 


Carnegie Inst. of Tech., Pittsburgh,Pa. P. M. Hissom 
Case rane of Applied Science, Cleve- 


land, ‘ F. B. Schramm 
Catholic Univ. of America, Washing- 
ton, D. C K. T. Williamson 


Cincinnati, Univ. of, Cincinnati, O. R. T. Congleton 
Clarkson Coll. of Tech.,Potsdam, N.Y. F. H. Porter 
Clemson Agri. College, Clemson Col- 


lege, S. C R. W. Pugh 
Colorado State Agri. Coll., Ft. Collins S. Aldrich 
Colorado, Univ. of, Boulder, Colo. G. Cartwright 
Cooper Union, New York E. J. Kennedy 
Denver, Univ. of, Denver, Colo. C. C. Herskind 
Drexel Institute, Philadelphia, Pa. yee Carr 
Florida, Univ. of, Gainesville, Fla. J. Weil 


Georgia School of Tech., Atlanta, Ga. C. W. Cheatham 
Idaho, University of, Moscow, Idaho H. Armstrong 
Iowa State College, Ames, Iowa V. Womeldorf 
Iowa, Univ. of, lowa City, lowa G. C. K. Johnson 
Kansas State College, Manhattan R. B. MclIlvain 


Kansas, Univ. of, Lawrence, Kans. C. H. Freese 
Kentucky, Univ. of, Lexington, Ky. R. K. Giovannoli 
Lafayette College, Easton, Pa. J. B. Powell 
Lehigh Univ., S. Bethleham, Pa. E. W. Baker 
Lewis Institute, Chicago, Ill. E. Millison 
Maine, Univ. of, Orono, Me. R. N. Haskell 
Marquette Univ., Milwaukee, Wis. W. J. Hebard 


Massachusetts Inst. of Tech., Cam- 

bridge, Mass. Stuart John 
Michigan Agri. Coll., East Lansing C. M. Park 
Michigan, Univ. of, Ann Arbor, Mich. F. J. Goellner 


Milwaukee, Engg. School of, Mil- 
waukee, Wis. 


Minnesota, Univ. of, Minneapolis - R. W. Kellar 
Missouri, Univ. of, Columbia, Mo. M. P. Weinbach 
Montana State Coll., Bozeman, Mont. W. A. Boyer 


L. C. Eddy 


Nebraska, Univ. of., Lincoln, Neb. H. Edgerton 
Nevada, Univ. of, Reno, Nev. C. Hicks 
New York Univ., New York, N.Y. D. Wright 


Bee cocrune State College, Raleigh, 


. Seaman 
North Carolina, Univ. of, Chapel Hill C. L. Jones 
North Dakota, Univ. of, University Leo Frank 
Northeastern Univ., Boston, Mass. E. H. Barker 


Notre Dame, Univ. of, Notre Dame, Ind.M. A. Brule 
Ohio Northern Univ., Ada, Ohio Mr. Cotner 


Ohio State Univ., Columbus, O. T. A. McCann 
Oklahoma A. & M. Coll., Stillwater B. Wrigley 
Oklahoma, Univ. of, Norman, Okla. R. E. Thornton 
Oregon Agri. Coll., Corvallis, Ore. F. C. Mueller 
Pennsylvania State College, State 

College, Pa. C. MacGuffie 
Pennsylvania, Univ. of, Philadelphia LH. W. Steinhoff 
Pittsburgh, Univ. of, Pittsburgh, Pa. E. A, Casey 
Purdue Univ., Lafayette, Ind. S. B. Mills 
Rensselaer Poly. Inst., Troy, N.Y. F. M. Sebast 
Rhode Island State Coll.Kingston,R.I. C. S. North 
Rose Poly.Inst., TerreHaute,Ind. __P. Wilkens 
Rutgers University, New Brunswick, 

Nate W. S. Dunn 
South Dakota, State School of Mines, 

Rapid City, S. D E. W. Barnes 


South Dakota, Univ. of, Vermillion, S. D. C. Barret 
Southern California, Univ. of, Los } 
Angeles, Calif. : 2 eC. B. Little 
Stanford Univ., Stanford University, ‘ 
Calif. M. L. Wiedmann 
Swarthmore Coll., Swarthmore, Pa. C. J. Wenzinger 
Syracuse Univ., Syracuse, W. D. Johnson 


Tennessee, Univ. of, Knoxville, Tenn. S. R. Woods 
TexasA. & M. Coll., College Station A. A. Ward 
Texas, Univ. of, Austin, Tex. A. A. Bown 
Utah, Univ. of, Salt Lake City, Utah S. W. Pixton 
Virginia Military Inst., Lexington H. F. Watson 
Virginia Poly. Inst., Blacksburg, Va. E. M. Melton 
Virginia, Univ. of, University, Va. W. A. Whitaker 
Washington, State Coll. of, Pullman Tom Hunt 
Washington Univ., St. Louis, Mo. E. Zimmerman 
Washington, Univ. of, Seattle, Wash. J. Nordahl] . 
West Virginia Univ., Morgantown _ W. W. Mountain 
Wisconsin, Univ. of, Madison, Wis. H.C. Wolfe 
Yale Univ., New Haven, Conn. E. H. Eames 


Total 80. 
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Secretary 


A. E. Duran 

S. E. Dawson 
James A. Wilson 
R, T. Purdy 

W. H. Sothen 
G. C. Moog 

R, J. Clingerman 
A. E. Schueler 
J. M. Edwards 
D. Beecher 


G. J. Goudreau 


G. B. Mangam 
W. C. Osterbrook 
F. S. McGowan 


e) 


. A. Roberts 
. E. Bodine 
. T. Crossman 
. W. Carlson 
. R. Cuykendall 
. P. Turner 
. Washburn, Jr. 
. C. Durham 
C, Beam 
G..Thomas 
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| DIGEST OF CURRENT INDUSTRIAL NEWS | 
i 
NEW CATALOGUES AND OTHER PUBLICATIONS | trically controlled oil switches and the disconnecting switches 


Mailed to interested readers by issuing companies. 


Sine Wave Generator.— Bulletin 42567, 4 pp. The deserip- 
tion includes photographs, charts, diagrams and tables in addi- 
tion to the text. The various testing applications of the genera- 
tor are explained. General Electric Company, Schenectady, 
NY 


Transformers.—Bulletin 2041, 4 pp. Describes Pittsburgh 
polyphase transformers and the advantages of this type over 
single-phase transformers for three-phase generation. Pitts- 
burgh Transformer Company, Columbus & Preble Aves., 
Pittsburgh, Pa. 


Load Indicators.—Bulletin. Describes central station load 
indicating systems, including many illustrations of the various 
types of load and period Indicators, manual controls and 
totalizing watt-meter operated automatic control. Chas. 
Cory & Son, Inc., 183 Varick Street, New York. 


Fans.—Bulletin 143, 18 pp. Describes the new, complete 
line of Wagner electric fans. Wagner Electric Corporation, St. 
Louis, Mo. 


Blowers.—Bulletin 1801, 72 pp. Deseribes American ‘‘Siroc- 
co” fans and blowers, giving complete specifteations for all types. 
American Blower Company, Detroit, Mich. 


Motor Maintenance Equipment.—Catalog 6, 16 pp. De- 
seribes commutator slotting and grinding equipment, including 
undereutters, slotters, grinding tools, commutator stones, 
blowers for cleaning, commutator cement and insulating varnish. 
The Martindale Electric Company, 11737 Detroit Ave., Cleve- 
land, O. 


Lighting Units.—Catalog. Describes the complete line of 
Holophane lighting units, and includes several new dévelopments 
brought out in the last year. Among these are the No. 944, 200 
watt window reflector, the No. 980 watchman cireuit lighting 
unit, and the C-2172 corridor lighting unit. The Holophane 
Glass Company, 342 Madison Avenue, New York. 

Transmission Towers.—Book, 182 pp. A handsome vol- 
ume, which contains much vaulable information not only on the 
construction of transmission towers, but calculations and tables 
for erection of complete lines. Profusely illustrated with photo- 
graphs of. typical installations. American Bridge Company, 
Frick Building, Pittsburgh, Pa. 


Lighting Data.—A series of interesting bulletins on lighting, 
as follows: Bulletin L. D. 154, 50 pp., “Adequate and Efficient 
Motor Bus Lighting;’’ Bulletin L. D. 153, 28 pp., “Electric 
Light on the Farm;” Bulletin L. D. 119B, 24 pp., ‘“‘The Manu- 
facture of the Edison Mazda Lamp;” Bulletin L. D. 113A, 32 
pp., “Miniature Edison Mazda Lamps.”’ Edison Lamps Works 
of General Electric Company, Harrison, N. J. 


Remote Control Motor Starter.—Bulletin 219, 8 Dee 


Describes a new and unusual automatic remote control starter 
for squirrel cage motors, in capacities from 7144 to 60 h. p. 
Among the features of the new device are that all operating con- 
tacts are made and broken under oil; overload relays have oil- 
immersed contacts adjustable for both time and load setting; 
the single lifting magnet used is energized only during starting; 
quickly installed and connected; and worn contacts ean be easily 
replaced. Crocker-Wheeler Company, Ampere, N. J. 


Robinson Interlock.—Bulletin 105-29-B. Deseribes a de- 
vice for preventing accidental opening of disconnecting switches 
while under load, by station personnel or from malicious tamper- 
ing. The interlocks assure proper sequence operation of elec- 
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connected in series with them, at the same time providing safety 
against contact with live instrument transformers or other 
electrical equipment in buss and feeder cells. Chas: Cory & 
Son, Inc., 183 Varick Street, New York. 

. Small Motor Lubrication.—Bulletin 568, 4 pp. Describes 
the system of lubrication for small ‘‘Century” motors, consisting 
of a number of continuous strands of pure wool yarn permitting 
capillary action to assert itself completely. Moreover, the 
filtering properties of the yarn assure that the oil is completely 
filtered before delivery to the bearing surface. In addition, the 
use of the yarn system prevents danger from leaks from an oil 
well, since the material will hold in suspension sufficient oil to 
properly lubricate a ‘‘Century” fractional horse power motor 
for at least one year’s continuous operation. The total capacity 
of the small motor ring oiler type of oil well is increased about 
100% and positive lubrication under all conditions, even at 


extremely low room temperature, is assured. Century Electric 


Company, 1827 Pine St., St. Louis, Mo. 


NOTES OF THE INDUSTRY 


The Okonite Company, Passaic, N. J., manufacturers of 
insulated wires and cables, has opened a sales office in St. Louis 
at 444 Frisco Building, in charge of L. R. Mann. 


Renewable Fuses.—A new line of fully approved renewable 
cartridge fuses is announced by the Trico Fuse Manufacturing 
Company, Milwaukee, Wis., manufactured in all standard sizes 
from 0 to 600 amperes. The company is a pioneer in powder- 
packed, time-limit renewable fuses with the air cushion feature, 
which it is claimed were the first to pass the Underwriters’ 
Laboratory test requirements. 


The Crocker-Wheeler Company, Ampere, N. J., has 
opened an office at Atlanta, Ga., 101 Marietta Building, in charge 
of George D. Anderson, Jr. The Baltimore office has been dis- 
continued. S.M. Conant, formerly in charge of the latter office 
has been appointed assistant sales manager, and is now located 
at Ampere. 

The Pittsburgh office, in charge of J. R. Lewis, has moved from 
the Henry W. Oliver Building to the Dravo Building, 300 Penn- 
sylvania Avenue. This office will have a warehouse in which a 
large stock of motors will be earried. 


Two Million-Volt Testing Outfit for Leland Stanford 
University.— Looking forward to the time when power must 
be transmitted for hundreds of miles to meet the demands of the 
San Francisco territory, Leland Stanford University has ordered 
a 2,000,000-volt testing outfit from the General Electric Company. 
This set, which will operate at the highest voltage ever produced 
at commercial frequency, has been ordered by the university 
so that it can attempt to solve the problems of extremely high 
voltage transmission well in advance of the requirements. 

It is expected. that within ten years all of the available water 
power (1,600,000 h. p.) within 200 miles of San Francisco will 
have been developed. For the increased population that is sure 
to follow, further power must be obtained from the Klamath 
and Rogue Rivers, 400 miles distant, and from the Columbia 
River basin, 700 miles to the north. These rivers can furnish 
approximately 2,700,000 h. p. Economical use of this power will 
require much higher transmission voltage than used at the present 
time, or improved transmission methods must be developed. 

A modern laboratory for housing the apparatus will be pro- 
vided and adjacent to the building will be a large plot on which a 
transmission line several miles in length may be constructed for 
carrying on the tests. Professor Harris J. Ryan will be in charge 


of the work and will devote his entire time to research in the new 
laboratory. 
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